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Treating  Han;^^se  Carbonate  Ores  With  Sulfur  Dioxide 

Manganese  ceirhonates  are  lean  ores,  containing  little  metallic  manganese. 

As  a  result  they  are  of  slight  industrial  importance.  But  their  comparatively 
low  manganese  content  cannot  serve  as  an  obstacle  to  the  efficient  utilization 
of  these  ores. 

It  should  he  noted  that  not  much  work  has  been  done  on  the  physicochemical 
investigation  of  manganese  carbonate  ores  up  to  now.  The  reaction  of  manganese  « 
carbonate  ores  with  sulfuric  acid  has  been  better  explored  (!].  It  is  considered 
certain  that  treating  these  ores  in  water  with  sulfur  dioxide  yields  manganese 
sulfite  to  begin  with,  which  is  then  converted  into  manganese  sulfate  by 
oxidation  with  atmospheric  oxygen: 

MnCOa  *►  SO2 - >  MnSOa  ♦  CO2,  (1) 

KnSOa  +  O2  — ■>  VnSO^.  (2) 

But  the  research  work  already  done  on  the  treatment  of  manganese  carbonate 
ores  with  sulfur  dioxide  shows  that  this  type  of  extraction  of  manganese  is 
highly  unsatisfactory  (the  rate  being  extremely  low),  and  that  the  ore  must 
be  roasted  first  when  this  process  is  to  he  utilized  industrially  [2,3>*^). 

Some  researchers  believe,  moreover,  that  the  percentage  of  manganese  that 
dissolves  is  only  slightly  dependent  upon  the  coeurseness  of  the  ore  grains.  ,  • 

We  set  as  our  objective  a  study  of  the  conditions  governing  the  extraction 
of  manganese  from  manganese  carbonate  ores. 


EXPERIMENTAL 

Manganese  carbonate  ores  Nos.  11  and  12,  the  per  cent  composition  of 
which  is  given  below,  were  used  in  the  research. 

Ore  No.  11.  Roasting  losses:  3^.08,  SIO2  k.l6,  AI2O3  2.66,  Fe203  0.89# 
MnO  24.32,  ( £Mn  I8.86),  CaO  30. 8I,  MgO  1.77,S03  1.45,  P2O5  0.55/  moisture 
l.SQi,. 

Ore  No.  12.  Roasting  losses:  29-7^^,  SIO2  1  •yj »  AI2O3  I.65,  Fe203  1.33 

HnO  21.49,  (  EMn  I6.66),  CaO  33.18,  MgO  2.68,  SO3  I.60,  P2O5  0.48,  moisture 

1.325^. _ _ 

T.  A.  Ivanova  assisted  in  the  experimental  work. 


The  apparatus  described  previously  [5I  vas  used  la  our  experiments. 

We  began  with  tests  of  the  carbonate  ore  No.  11.  All  the  ore  samples  used 
In  these  tests  weighed  10  g.  The  percentages  of  manganese  dlthlonate  and  sulfate 
were  calculated  from  the  sum  (  EMn)^  taken  as  100. 

Effect  of  various  feurtors  upon  the  extraction  of  manganese 
from  manganese  carbonate  ores 

The  data  Illustrating  the  effect  of  fineness  of  grind  upon  the  process 
are  shown  In  Fig.  1. 

The  results  of  tests  of  the  effect  of  time  upon  the  process  are  shown  In 

Fig.  2. 


Fig.  1.  Effect  of  fineness  of  grind 
upon  the  extraction  of  manganese 
from  manganese  carbonate  ores. 
Temperature:  80  deg;  time:  30  min¬ 
utes;  solid  factor:  O.ljSOz 
concentration:  11.6 — 12^;  SO2  put 
through:  5  liters. 

A  — Per  cent  manganese  dissolved; 

B  — fineness  of  grind  (holes  per 
sq  cm).  _1  -  MnS04;  2  —  Ota; 

2  — -^tr.S^Os . 


Fig.  2.  Effect  of  time  on  the 
extraction  of  manganese  from 
manganese  carbonate  ores. 
Temperature:  80  deg,  fineness  of 
grind:  10,000  holes  per  sq  cm; 
solid  factor:  0.1>  SO2  concen¬ 
tration:  12. 72-114-. 97^;  S02  put 
through;  5~5*5  liters. 

A  — Per  cent  manganese  dissolved, 
B  — time,  minutes.  ^  —  MnS04; 

2  —  CMn;  ^  — MnS20er 


We  then  ran  tests  to  learn  the  variation  of  the  lixivlatlon  of  manganese 
with  the  fineness  of  grind  under  the  following  conditions:  temperature.  80  deg; 
SO2  concentration:  13.0^;  solid  factor:  0.1;  and  SO2  put  throughi  5  liters. 

Our  results  are  shown  In  Figs.  3  and  U. 

The  results  of  these  tests  Indicate  that  more  manganese  Is  extracted  as  the 
fineness  of  grind  is  Increased,  the  per  cent  extraction  being  substantial  at  a 
fineness  of  10,000  holes  per  sq.cm.  No  more  than  20-30  minutes  Is  required 
for  the  lixivlatlon  process  under  the  conditions  we  have  employed,  so  that  the 
reaction  rate  Is  high. 

It  Is  typical  that  the  per  cent  manganese  dissolved  falls  off  when  the  time 
Is  prolonged  beyond  20-30  minutes.  This  evidently  results  In  the  formation  of 
coordination  compounds. 


77^ 


extraction  of  manganese  from  manganese  cent  extraction  of  manganese  ' 

carbonate  ores  vlth  the  fineness  of  grind.  vlth  the  fineness  of  grind 

A  -  Per  cent  manganese  dissolved;  B  -  time,  the  time. 

minutes.  ■  Fineness  of  grind  (hmles  per  s<j  A  ”  Per  cent  manganese  dissolved 

cm);  1  —  10,000;  2  —  2500;  ^  —  900;  U  —  UOO..  B  —  fineness  of  grliM.  (  holes 

per  sq  cm).  Time,  minutes; 

1  -  30;  2  -  60;  -  120. 


Fig.  5»  Effect  of  time  upon  the  extraction  Fig.  6.  Effect  of  fineness 

of  manganese  from  various  carbonate  ores.  of  grind  upon  the  extraction 

A  —  Per  cent  manganese  dissolved;  B  —  time,  of  manganese  from  various 

"minutes.  1  —  Carbonate  csre  JSo.  11;  2  —  carbonate  ores, 

carbonate  ore  Ro.  12.  A  —  Per  cent  manganese  dis¬ 

solved;  B  —  fineness  of  grind 
(holes  per  sq  cm).  1  ** 
Carbonate  ore  Bo.  11; 

2  -  carbonate  ore  Ro.  12. 


The  data  on  the  effect  of  temperature  are  listed  In  Table  1. 


TABLE  1 


As  these  figures  show,  raising  the  teaperature  from  20  to  oO*  does  not 
Increase  the  manganese  extraction,  the  extraction  helng  satisfactory  even  helow 
20*,  which  Is  an  Indication  that  the  process  Is  efficient  even  at  low 
temperatures.  As  In  the  precedir.g  tests,  raising  the  temperature  Increases 
the  percentage  of  manganese  sulfate  and  diminishes  the  percentage  of  the 
manganese  dlthlonate. 

The  results  of  our  experiments  on  the  effect  of  the  solid  factor  are 
given  In  Table  2. 

Varying  the  solid  factor  from  0.^.  to  0.1,  l.e. ,  Increasing  the  dilution. 
Increases  the  percentage  of  manganese  entering  solution,  the  1:  10  dilation 
yielding  results  that  are  satisfactory. 

As  the  solution  Is  diluted,  the  percentage  of  manganese  sulfate  rises, 
the  percentage  of  manganese  dlthlonate  falling  accordingly.  In  general, 
it  should  be  noted  that  when  manganese  carbonate  ores  are  processed  with 
sulfur  dioxide,  the  amount  of  manganese  dlthlonate  Is  too  small  to  be 
accorded  practical  consideration. 

When  manganese  carbonate  ores  are  processed  with  sulfur  dioxide,  the 
dissolution  of  the  manganese  Is  accompanied  by  that  of  calcium  as  CaS04, 
which  subsequently  settles  out  as  a  white  precipitate  when  the  filtrate  cools. 
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The  dissolution  of  the  CaS04  (and  hence  Its  subsequent  precipitation) 
depends  upon  the  amount  of  water  used,  more  of  the  calcium  sulfate  entering 
solution  at  higher  dilutions. 

We  then  ran  tests  with  seunples  of  the  No.  12  ore  to  learn  the  effect 
of  time  and  fineness  of  grind  upon  the  process.  The  test  results  Indicated 
that  the  percentage  of  manganese  In  the  No.  12  ore  that  entered  solution 
Increased  with  time,  while  the  percentage  of  the  manganese  dlthlonate  fell 
and  that  of  the  manganese  sulfate  rose. 

As  In  the  preceding  cases.  Increasing  the  fineness  of  grind  resulted  In 
jralslng  the  percentage  of  manganese  dlthlonate  In  the  solution.  Apparently,  much 
more  dlthlonate  Is  formed  as  the  fineness  of  grind  of  the  ore  Is  Increased, 
l.e. ,  the  reatlon  surface  of  the  particles  Is  Increased,  the  subsequent 
process  of  Its  decomposition  being  less  Intense  under  the  conditions  employed 
In  our  experiments  (determination  of  temperature,  time,  medium  acidity,  etc.) 
than  that  In  the  first  process. 

The  findings  of  these  latter  tests  are  contrasted  with  those  In  the 
preceding  ones  (with  No.  11  ore)  In  Flgs.^  euid  6. 

As  we  see  In  Figs.  ^  and  6,  the  effect  of  time  upon  the  extraction  of 
manganese  Is  different  In  the  No. 11  and  No. 12  ores.  Fineness  of  grind  has 
a  favorable  effect  upon  the  extraction  of  manganese  from  carbonate  ores, 
though  the  results  of  manganese  extraction  from  the  ore  are  much  more 
satisfactory  with  the  No.  11  ore  at  a  high  fineness  of  grind  (10,000  holes 
per  sq  cm). 

As  we  see  from  a  comparison  of  the  findings  secured  In  the  processing 
of  the  No. 11  and  12  manganese  carbonate  ores, they  behave  differently. 

Whereas  No. 11  ore  Is  readily  lixiviated  by  sulfur  dioxide  at  a  suitably 

fine  grind,  without  preliminary  roasting,  the  No. 12  ore  yields  less  satisfactory 

results  under  these  same  conditions. 

We  ran  tests  to  determine  the  completeness  of  manganese  extraction  flrom 
the  No. 11  manganese  carbonate  ore.  The  ore  Vas  processed  twice  with  sulfur 
dioxide,  the  latter  being  employed  In  excess  (the  Mn/SOg  ratio  .being  1:2.6 
In  Test  No.l. 

The  test  results  ar&  listed  In  Table  5.* 

TABLE  3 

Extraction  of  Manganese  From  No.  11  Carbonate  Ore  by  Treating  It  twice 
with  an  excess  of  Sulfur  Dioxide. 


Temperature:  80®  solid  factor ;0.1;  fineness  of  grind:  10,000  holes 
per  sq  cm;  SO2  concentration:  14-15^ 


Time,  minutes. 

Liters  of  SO2 
put  through 

Manganese  dissolved. 

Grams 

per  cent 

30 

13 

1.4777 

79.70 

20 

7 

0.3688 

19.89 

99.59 

As  we  see  from  the  figures  in  Table  3,  treating  this  manganese  carbonate  ore 
with  on  excess  of  sulfur  dioxide  twice  is  quite  adequate  to  secure  a  nearly 
100^  extraction  of  the  manganese. 
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We  then  ran  tests  to  determine  the  completeness  of  manganese 
extraction  from  the  unroasted  No.  12  carbonate  ore,  at  a  comparatively  coarse 
grind,  by  repeatedly  processing  the  sane  10  gram  sample  of  ore.  In  one 
series  of  tests  the  concentration  of  sulfur  dioxide  was  high  (Table  • 

and  in  another  low  (Table 

TABLE  k 

Extraction  of  Manganese  From  No.  12  Carbonate  Ore  by  Triple 
Processing  with  Sulfur  Dioxide  at  High  Concentration. 


Temperature:  80*;  fineness  of  grind;  900  holes  per  sq  cm;, 
solid  factor:  0.1;  SOg  concentration:  1^.01^ 


Time,  minutes. 

Liters  of  SOa 
put  through 

Manganese  dissolved. 

Grams 

per  cent. 

30 

5 

O.U237 

26.22. 

70 

15 

1.0832 

67.40 

70 

15 

0.0328 

95.93 

TABLE  5 

Extraction  of  Manganese  from  No. 12  Carbonate  Ore  by  Repeated 
Processing  with  Sulfur  Dioxide  at  Low  Concentration. 

Temperature:  8o*;  fineness  of  grind:  900  holes  per  sq  cm;  f — v 

solid  factor:  0.1;  SO2  concentration:  4.22-5.0^ 


Time,  minutes. 

Liters  of  SO2 
put  through 

Manganese  dissolved. 

Grams 

per  cent. 

30 

5 

0.1718 

10.63 

70 

15 

0.5018 

31.05 

70 

15 

0.4583 

28.36 

70 

15 

0.2411 

14.63 

70 

15 

0.11*53 

8.99 

70 

1 

0.0312 

.1:93 

95.59 

When  a  high  concentration  of  sulfur  dioxide  Is  employed  under 
laboratory  conditions,  9**-95?^  of  the  manganese  Is  extracted  within  I.5 
hours.  When  a  low  gas  concentration  is  used,  approximately  5  hours  are 
required  for  the  same  per  cent  extraction.  In  general,  increasing  the 
concentration  of  sulfur  dioxide  accelerates  the  process. 

The  extraction  of  manganese  from  manganese  carbonate  ores  Is  also 
accelerated  by  Increasing  the  fineness  of  grlndand  by  preliminary 
roasting  of  the  ore. 

Extracting  manganese  from  a  mixture  of  manganese  carbonate  ores 
and  pyrolusite  sludges. 
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■  As  we  have  shova  above,  the  reactloa  of  sulfur  dioxide  la  the  liquid 
phase  with  mangaaese  dioxide  coning  from  oxidized  ores  yields  manganese 
sulfate  and  weak  sulfuric  acid.  The  resultant  sulfuric  acid  reacts  with 

the  carbonate  ore,  so  that  manganese  Is  extracted  as  manganese  sulfate 
from  noth  the  oxidized  and  the  carbonate  ores. 

Instead  of  an  oxidized  ore,  we  took  a  No. 17  pyroluslte  sludge  [5] 
and  mixed  It  with  the  No.  12  ceurbocate  ore  In  the  proportions  of  2  parts 
of  the  carbonate  ore  to  3  parts  of  the  sludge.  The  above>aeatloned 
ore  is  hardest  to  process  chemically.  An  excess  of  sulfur  dioxide  was 
passed  through  a  suspension  of  this  mixture,  the  XMn,  MaS04,  and  HnSaOo 
being  determined  in  the  solution. 

In  the  first  set  of  tests  separate  10-gram  samples  of  the 
foregoing  mixture  were  used  In  every  run.  The  test  results  are  listed 
in  Table  6. 

TABLE  6 

Extraction  of  Manganese  from  a  Mixture  of  Manganese  Carbcnate 
Ore  euid  a  ^roluslte  Sludge. 

Temperature:  80*;  fineness  of  grind;  236  holes  per  sq  cm; 

solid  factor;  0.1. 


Time, 

Minutes. 

SO2  concen¬ 
tration.  ^ 

Liters  of 
SOz  put 
through 

Per  cent  manganese  dissolved. 

Mn  dlthlon- 

ate 

Mn  sulf¬ 
ate 

60 

12.8 

15 

62.21 

38.00 

62.00 

110 

13.5 

30 

87.80 

17.95 

82.05 

no 

18.9 

30 

93.52 

15.**9 

84.51 

120 

19.1 

30 

95.*^0 

13.76 

86.24 

Then  we  ran  tests  to  determine  the  extraction  of  manganese  by 
processing  the  same  10-g  sample  of  the  mixture  repeatedly,  using  the  same 
carbonate  ore-sludge  ratio  as  In  the  preceding  series  of  tests.  The 

results  are  given  in  Table?* 


TABLE  7 

Extraction  of  Manganese  by  Triple  Processing  with  Sulfur  Dioxide 
of  a  Mixture  of  Carbonate  Ore  and.  Pyroluslte  Sludge. 


Temperature:  80*;  fineness  of  grind:  256  holes  per  sq.cm;  solid 
factor:  0.1;  SO2  concentration:  12.9^ 


Time, 

Liters  of  SO2 
put  through 

Per  cent  manganese  dissolved. 

Minutes . 

CMn 

Mn  dlthlon- 
ate 

Mn  sulf¬ 
ate 

30 

7 

54.82 

42.56 

57.44 

60 

15 

39.24 

27.84 

72.16 

100 

30 

4.88 

98.94 

18.49 

81.51 
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The  results  of  these  tests  demonstrate  that  It  Is  hest  to  extract  the 
manganese  by  repeatedly  processing  the  same  mixture,  the  process  being  rather 
rapid  at  first  and  then  sieving  down.  More  than  9^^  of  the  manganese 
can  be  extracted  If  enough  time  Is  alloved.  It  may  therefore  be  un¬ 
economical  to  extract  the  last  few  percentage  points  of  the  manganese. 

Balance  Sheet  of  Treating  Manganese  Sludges  with  Sulfur  Dioxide. 

In  drawing  up  the  balance  sheet  of  treating  manganese  sludges  with  sulfur 
dioxide  ve  used  N0.18  pyroluslte  sludge,  the  amalysis  of  which  has  been 
given  in 

^0  g  of  the  sludge  was  taken,  and  300°^  of  water,  so  that  the 
solid  factor  was  I/6.  The  other  test  conditions  were  as  follows: 

'-^mperature :  80*5  time:  220  minutes;  fineness  of  CTind:  900  holes  per  . 
sq  cm;  SOa  concentration:  13.93^;  amount  of  SOa:  60  liters.  Stirring 
was  employed  during  the  run. 

The  figures  for  the  balance  sheet  are  given  in  Table  8. 

TABIZ  8 


Balance  Sheet  for  the  Treatment  of  Manganese  Sludges  with 
Sulfur  Dioxide. 


Ho: 

Constit- 

• 

Intake 

Outgo 

uents 

Sludge 

Gas 

Total 

Precip¬ 

itate 

Solu¬ 

tion 

Gas 

Discre¬ 

pancy 

Total 

I 

2 

3 

4 

5 

6 

7 

8 

1 

SiQ2 

18.344 

18.344 

18.024 

0,336 

-O.016 

18.344 

2 

AlgOa 

- 

4.193 

3.752 

0.365 

+0.076 

4.193 

3 

FeaOa 

1.585 

- 

1.585 

1.370 

0.296 

-0.081 

1.585 

4 

CaO 

1.218 

- 

1.218 

0:952 

0.238 

• 

+0.048 

1.218 

5 

MgO 

0.406 

• 

0.4o6 

0.425 

0.077 

• 

-0.096 

0.4o6 

6 

SO3 

0.i29 

24.215 

24.344 

1.351 

22.493 

0.500^ 

- 

24.344 

7 

P2OS 

- 

0.325 

0.036 

0.239 

- 

+0.050 

0.325 

8 

BaO 

1.199 

- 

1.199 

1.132 

• 

- 

+0.067 

1.199 

9 

EMn 

11.620 

• 

11.620 

0.588 

11.0281 

• 

+0.004 

11.620 

10 

Moisture 

and 

impurltleg 

10.981 

10.981 

1.242 

9.739‘ 

* 

10.981 

TOTAL 

50.000 

24.215 

74.215 

28.852 

44.811 

0.500 

+0.052 

74.215 

Ho.  1  to  9  in  column  1  show  an  incoming  total  of  39.0192  g;  with  214-.215  g 
in  Column  2,  for  a  total  (in  column  3J  of  63.23^  g.  Under  the  outgoing  items 
we  have:  27.610  g  in  Column  4,  35. 072  g  in  Column  5,  and  O.5OO  g  in  Col. 6 
for  a  total  of  63. 182  g. 

The  quantity  unaccounted  for  between  the  intake  and  outgo  is  negligible 

(Col. 7),  0.052  g. 

The  figures  in  this  balance  sheet  indicate  that  the  manganese 

Assumed  (taking  losses  as  2^) 

By  difference. 
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extraction  Is  9^$,  ‘based  on  the  total  manganese  In  the  sludge.  As  we  saw 
in  the  previous  tests,  we  managed  to  extract  some  of  the  manganese  by 
double  llxlvlatlon  firoa  the  same  sludge. 

In  general,  the  extraction  of  manganese  from  oxidized  ores  and 
sludges  by  means  of  sulfur  dioxide  is  quite  satisfactory. 

The  analysis  data  Indicate  that  the  solution  contained  23.99  grams 
of  MnS04  and  7*88  grams  of  MnS^Oa.  Thus  there  Is  8.7^  grams  of  manganese 
sulfate,  or  approximately  8l^,  and"  2.01  grams  of  manganese  dlthlonate,  or  . 
approximately  19^. 

Since  the  formation  of  manganese  dlthlonate  during  the  llxlvlatlon 
of  the  ore  with  sulfur  dioxide  Involves  a  number  of  difficulties,  steps 
must  be  taken  to  eliminate  It,  and,  as  Indicated  above,  the  solution 
should  be  boiled  thoroughly  at  the  end  of  the  extraction  process  to 
achieve  this  objective. 

An  excess  of  SO2  must  be  used  to  achieve  complete  extraction. 

In  counter  flow  llxlvlatlon  this  excess  of  SO2  will  circulate  in  the 
system,  but  only  the  quantity  of  the  gas  will  be  consumed  that  is 
required  for  the  reaction,  except  for  negligible  losses. 

On  the  basis  -of  the  CMn  contained  In  1  kg  of  the  sludge  we  used, 

0.27  g  of  the  gas  would  be  required  theoretically.  In  actuality, 
however,  1  kg  of  the  sludge  reconciamed  O.387  kg  of  sulfur  dioxide  In  our 
experiments  (recomputing  the  SO3  as  SOs)-  Thus,  the  useful  consumption 
o#  SO2,  l.e.,  the  percentage  used  In  extracting  the  manganese,  was 
some  69>- 

The  balance  sheet  Indicates  that  the  gas  losses  and  the  gas 
unaccounted  for  (based  on  SO2;  total  1.6^  .  Hence,  some  29-30^  of  the 
S02  was  consumed  in  reactions  with  other  constituents. 

We  believe  that  the  losses  of  sulfur  dioxide  should  not  exceed 
1^  In  an  apparatus  of  suitable  design,  appropriately  gastlght,  with 
^repeated  llxlvlatlon. 

The  consumption  factor  of  sulfur  dioxide  Is  taken  to  be  0.^*0, 
l.e. ,  O-UO  kg  Is  used  up  per  kg  of  the  sludge  (or  an  ore  of  similar 
composition). 

A  large  amount  of  precipitate  is  thrown  down  when  manganese 
sludge  Is  processed  with  sulfur  dioxide,  totalling  some  ^8^  of  the 
original  material-  The  per  cent  composition  of  this  precipitate  Is  as 
follows: 

SIO2  65.76,  AI2O3  12.96,  Fe203  4.98,  CaO  3-39,  MgO  1.55, 

BaO  4.13,  MnO  2.29,  P2O3  0.13,  SO3  4.93- 

Siliceous  and  clayey  substances  predominate  in  the  precipitate, 
together  with  sulfates  (barium,  calcium,  etc.,j.  Part  of  the  manganese 
apparently  did  not  decompose,  while  another  i>art  may  remain  In  the 
unextracted  form.  This  precipitate  should  find  appropriate  utilization. 

Under  our  experimental  conditions  Ba  does  not  enter  solution, 
while  extremely  little  of  the  Si02  dissolves. 

Much  of  the  phosphorus  enters  solution,  although  its  total 
percentage  Is  not  high.  Iron  also  enters  solution  rather  readily. 

It  should  be  noted  that  the  conversion  of  these  elements  into  a  soluble 
state  depends  upon  the  dilution,  much  higher  percentages  (partlculary  of  the 
phosphorus)  being  lixiviated  in  more  dilute  solutions. 
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Under  our  experimental  conditions  about  191^  of  the  CaO  and  MgO 
dissolve.  It  should  be  borne  in  mind  that  part  of  these  oxides  enter 
solution  as  a  result  of  the  washing  of  the  precipitate. 

SUMMARY 

1.  Some  types  of  manganese  carbonate  ores  are  readily  processed 
with,  sulfur  dioxide,  and  extremely  short  period  of  time  being  required 
for  extracting  the  manganese  from  finely  crushed  ore. 

2.  A  more  or  less  satisfactory  extraction  of  the  manganese  may 
be  achieved  from  other  types  of  manganese  carbonate  ores  that  are 
relatively  hard  to  process  even  without  a  particularly  great  fineness 
of  grind,  provided  a  high  concentration  of  sulfur  dioxide  or 

prolonged  roasting  Is  employed. 

3.  Manganese  carbonate  ores  may  also  be  treated  by  a  combined 
process:  a)  treating  the  manganese  dioxide  contained  In  pyroluslte 

sludges  or  lean  manganese  ores  with  sulfur  dioxide,  and  b)  using  the 
sulfuric  acid  produced  during  treatment  to  decompose  the  carbonates 
in  the  ore. 
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THE  EQUILIBRIUM  ISESSURE  OF  NITROGEN  OXIDES  ABOVE 
■  HITROSES  IN  THE  PRESENCE  OF  FREE  NITRIC  ACID 


M.L.  VarlaaoT. 

In  our  previous  paper  [ij  on  the  equlllhrlua  pressure  of  nitrogen 
oxides  above  nitroses  we  compared  and  analyzed  the  published  experimental 
data  on  a  system  in  which  there  was  no  free  nitric  acid  (£[2804,  HgO,  N2O3). 

The  equations  derived  were  utilized  in  the  construction  of  an 
alignment  chart  [2]  for  calculating  the  equilibrium  pressure  of  nitrogen 
oxides  in  such  a  system. 

We  were  interested  in  considering  a  more  complicated  system  (H2SO4, 
EzO,  N2O3,  ENO3J  containing  free  nitric  acid.  Starting  out  with  the  special 
features  of  the  nltrose  sulfuric  acid  process,  let  us  consider  the  possible 
acid  concentrations  and  temperatures  in  this  process. 

The  sparse  published  experimental  papers  on  this  topic  should  be 
borne  in  mind;  they  are  insufficiently  generalized  and  occasionally 
contradictory. 

Sanfourche  and  Rondler  [3l  have  measured  the  equilibrium  pressure  of 
nitrogen  oxides,  working  with  nitroses  with  an  initial  strength  of  5^-93^ 
H2SO4,  containing  1.10-6.36^  R2O3  and  0.03-^.  HNO3,  combined  and 
separately.  The  tests  were  run  at  temperatures  ranging  from  0  to  ^(fC, 
with  individual  measurements  made  up  to  60"  C.  The  nitrogen  oxides  were 
converted  into  the  gas  phase  and  then  analyzed  by  the  colorimetric  method. 
The  results  cited  are  equivalent  to  dissociated  N2O3  molecules  in  the  gas 
phase. 

They  found  that  the  total  equilibrium  pressure  of  the  nitrogen  oxides 
(  HNSO5  HNO3)  rocc  sharply  when  HNO3  and  N2O3  were  simultaneously  present 
In  the  nltrose  above  the  sum  of  the  Individual  pressure  PHNSO5  ^HNOs* 

This  was  most  evident  in  the  percentage  of  H2SO4  cf  the  strong  acids, 
as  is  shown  in  Table  1  for  acids  at  30*  C. 

TABLE  1 


Variation  of  n  With  Per  Cent  of  H2SO4  in  the  Acid 


Berl  and  Saenger  [4]  investigated  three  nitroses  at  30  to  130*  C,  with 
initial  strengths  of  67,  75.65,  and  78.04^  of  H2SO4  and  containing  0.1  mole/ 
liter  of  HNO3  and  0.1  mole/liter  of  HNSO5,  combined  and  separately. 


i 


P 

They  also  found  that  the  total  equilibrluia  pressure  HNSO5  HNO- 
Increased  for  acids  whose  strength  exceeded  70^  H2S04.  The  values  of 
n  they  secvyed  were,  however,  ouch  below  those  foiuid  by  Sanfourche  and 
Rondler>  this  was  peurtlcularly  noticeable  for  the  strong  acids.  In  the 
ease  of  82804,  for  exajople,  they  found  n  »  2.2  (mean  value). 

Kudryavtsev  [5]  determined  the  equilibrium  pressure  of  nitrogen 
oxides  above  nltroses  with  an  Initial  strength  of  90^  H2SO4,  containing 
0.5.  to  6%  HzQs  and  0.4^  HNO3  at  temperatures  ranging  from  30  to  156*  C, 
and  for  an  acid  strength  of  90%  H2SO4,  containing  4.5%  N2O3  and  0.2  to  2%  BNO3 
f or_ the  same  temperature  range.  In  both  cases  It  was  found  that  a  linear 
equation  held  good  for  calculating  the  equlllbrlvun  pressure.  He  also 
found  that  the  combined  equilibrium  pressure  rose  substantially  when 
ENOa  was  present  In  the  nltrose.  When  the  nltrose  contained  0.5%  N2O3  and 
^  0.4%  HHO3#  the  equilibrium  pressure  was  2.16  times  higher  than  when  there 
was  no  HMQ3  In  the  solution. 

Unfortunately  his  paper  contains  no  Information  on  the  method  of 
analysis  and  calculation  he  employed  In  his  study  of  the  system  (H2SO4, 

H2O,  8203^  EHQa). 

Kuzmlnykh  reports  [6]  that  Kudryavtsev  determined  the  percentage 
of  nitrogen  oxides  blown  off  by  titrating  the  nltrose  formed  by  further 
absoirptlon  of  the  oxides  with  permanganate,  and  recalculating  the 
result  In  terms  of  H2O3.  In  view  of  the  fact  that  the  nltrose  contains 
free  HNO3,  an  excess  of  NO2  (over  the  equlmolecular  proportion  to  NO) 
and  HNO3  vapor  will  be  In  equilibrium  above  the  liquid,  HNO3  being 
formed  In  the  solution  (and  not  determined  by  the  permanganate)  during 
the  subsequent  absorption  of  nitrogen  oxides.  This  Is  all  the  more 
palpable,  since  concentrated  acids  were  employed  In  the  research. 


Hence,  the  results  of  these  determinations  had  to  be  too  low. 


Kuzmlnykh  [6]  Investigated  an  acid  containing  75*6%  H2SO4,  with 
a  nltroslty  of  0.5-2%  of  N2O3,  containing  0  07-0.8%  of  HNO3,  at 
temperatures  of  30,  45  and  6o*  C.  He  showed  that  adding  the  Initial 
batch  of  HNO3  to  the  nltrose  resulted  in  a  marked  increase  In  the  total 

equilibrium  pressure.  The  ensuing  batches  of  HNO3  produced  a  smaller 
rise  In  pressure  l.e. ,  there  Is  no  straight-line  relationship,  as 
Kudryavtsev  had  asserted. 


Cherepkov  [7]  measured  the  equilibrium  pressure  of  nltroses  with 
an  Initial  strength  of  75»  80  8p,  and  92%  H2SO4,  a  nltroslty  of  0-5 
4%  N2O3,  and  containing  0.5  to  4%  HNO3  at  temperatures  ranging  from 
30  to  90*  C.  For  the  acid  containing  92%  H2SO4  he  also  secured  results 
for  nltrositles  of  1%  snd  7%  N2O3,  with  up  to  9%  HNO3  In  the  nltrose. 

He  found  a  substantial  rise  in  the  total  equllibrl’um  pressure  of  the 
nitrogen  oxides  due  to  the  pressure  of  HNO3  In  the  nltrose. 


Pozin  and  Flerlnskaya  [8]  also  confirm  the  appreciable  Increase 
In  the  equilibrium  pressure  of  nitrogen  oxides  above  this  system,  on  the 
basis  of  Isolated  measurements. 


Kalin  [9]  In  his  research  on  the  desorption  of  nitrogen  oxides 
from  the  nltrose  In  a  sprayed  wall  tube,  show^-d  that  when  even  minute 
quantities  of  free  HNO3  were  present,  the  rate  of  desorption  Increased 
substantially.  He  tested  a  nltrose  containing  70.85%  H2SO4,  3.6%  N2O3, 
and  0-0.8%  HNOa  at  50*  C  and  a  nltrose  containing  77%  H2SO4,  3.65% 
N2O3,  and  0-1.1%  HNO3  at  80®  C. 
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These  tests  may  he  regarded  as  qualitatively  characterizing  the  process 
as  far  as  the  equilibrium  pressure  of  nitrogen  oxides  above  nltroses  Is 
concerned.  The  practically  linear  relationship  between  the  coefficients  of 
desorption  ^d  the  percentages  of  HNO3  In  the  nltrose  for  the  acid  containing 
70.85)1  HaSOi  Is  worthy  of  note. 

In  the  acid  containing  77)t  HaS04^  on  the  other  hand,  the  coefficients 
rise  more  than  proportionally  to  the  percentage  of  HN03  In  the  nltrose. 

According  to  the  researches  of  Lunge  and  Welntraub  [10],  the  Increase  In 
the  total  equilibrium  nitric -nitrous  pressure  PfiNSOs  HRO3  above  the  sums  of 
the  Individual  pressures  pHHSOs  and  PHNO3  dae  to  the  general  trerd  of 
Beactlon  (l),  resulting  In  the  formation  of  the  more  volatile,  less  soluble 
HaO;: 

S0sHH4-HH03^S2S04<»>ira0«.  (l) 

In  the  sense  of  the  formation  of  9a04»  a  similar  result  Is  secured  when 
nitrous  anhydride  or  an  equlmolecular  mixture  of  HO  +  HO2  acts  on  nitric  acid, 
a  reaction  that  has  been  Investigated  by  Seuifourche  [11] . 

Hltrous  6u:ld  behaves  toward  weak  nitric  acid  as  if  the  latter  were  water, 
and  dissolution  Is  accompanied  by  deccoposltlon: 

3HHQa»*HHQ3+2H0<'H20.  (2) 

There  Is  less  decomposition  with  a  strong  nitric  acid  (>50)^)#  and  the  reaction 
Involves  formation  of  II2O4: 

H203+2HH03^2ira04+H20.  (3) 

According  to  Lunge,  the  evolution  of  H204  ceases  when  bhere  Is  no  more 
HHO3  In  the  solution  containing  the  acid  mixture. 

In  his  time  Sorel  asserted  that  the  solution  was  a  stable  one  in 
nltroses  prepared  from  acids  with  a  high  percentage  of  H2SO4  and  low  concen¬ 
trations  of  HNO3,  no  action  of  the  ENO3  upon  the  nltrosyl sulfuric  acid  being 
apparent,  Sanfourche  and  Rondler,  on  the  other  hand,  have  shown  that  the 
higher  the  nltrose 's  H2SO4  content,  the  greater  the  difference  between  the 
total  equilibrium  pressure  and  the  Individual  pressures.  This  Is 
corroborated  by  the  data  of  other  research  workers. 

The  equilibrium  pressure  of  nitrous  acid  falls  as  the  H2SO4  strength 
Increases.  According  to  Sanfourche  and  Rondler,  the  equilibrium  pressure  of 
nitric  acid  rises  up  to  an  acid  strength  of  78)t  H2SO4,  after  which  it 
likewise  falls. 

The  researches  of  Sapozhnikov  [12]  on  the  properties  of  mixtures  of  nitric 
and  sulfuric  acids  are  not  applicable  to  our  case,  since  the  HNO3  concentra¬ 
tions  In  the  solution  were  different.  These  researches  Indicate  that  as 
the  concentration  of  the  Initial  HNO3  falls,  the  maximum  equilibrium  vapor 
pressure  Is  shifted  toward  a  lover  percentage  of  HNO3  In  the  acid  mixture. 
Kudryavtsev  cites  a  single  measurement  of  the  pressure  above  a  mixture  of 
the  same  acids  with  the  Initial  H2S04  percentage  of  95 l5l« 

It  follows  from  all  of  this  that  the  Increased  values  of  n  for  strong 
acids  are  due  principally  to  the  course  of  Reaction  (l)  when  N2O3  and  HNO3 
are  both  present  In  the  nltrose. 

Now  let  us  turn  to  an  analysis  of  the  exx>erlmental  data  on  the 
equilibrium  pressure  of  nitrogen  oxides  for  the  (H2SO4,  H2O,  H2O3,  HNOs) 
system. 
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The  results  of  our  vor Icing  up  the  Berl  and  Saenger  experimental 
findings  eure  shown  In  Figure  1  In^-og  PH20"^®8  PnO,  ro^ coordinates,  with 
the  logarithms  of  the  equilibrium  pressure  of  dry,  saturated  water  vapor 
laid  off  along  the  axis  of  abscissas  for  temperatures  from  0  to  I5O  degree 
C,  and  with  the  equilibrium  pressure  of  the  nitrogen  oxides  for  the  same 
temperatures  laid  off  along  the  axis  of  ordinates. 


€ 

so  99 
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Flg.l.  Results  of  working  up  the 
experimental  findings  of  Berl 
and  Saenger. 

A) log  PNo.  ROz?  PH2O; 

C) temperature,  'C.  Acid 

strength  (5tH2S04).  1)67; 
2)75«65;  3)73*0.  The  mixture 
contained  0.1  mole  of  HNSO5  per 
liter  and  0.1  mole  of  HNO3  per 
liter  In  all  three  cases. 


Fig. 2.  Results  of  working  up  the 
experimental  findings  of  Sanfourche  and 
Rondler . 

A)log  Puo,  RO2J  B^lcg  PHoOJ  OUemperature, 
*0.  Acid  strength  H2S04i  and 

percentages  of  N2O3  and  HNO3,  resj,ectlve 
1)93,  6.37  and  O.IO6;  2)93,  3^  and  O.IO6 
3)73,  0.08  and  O.136;  U)73,  0.082  and  0  Oi 
5)65.5,  0.05  and  0-32;  6)65.5,  O.O5  and 
0.013.  .  •  •  *  • 


All  the  points  for  the  acids  containing  75 •35^  and  78.0^^  H2SO4  lie  along 
straight  lines.  The  same  Is  true  for  the  acids  containg  67^  H2SO4,  with  the 
exception  of  the  points  for  30  and  40  "C. 

The  results  of  our  working  up  the  experimental  data  cf  Sanfourche  and 
Rondler  In  the  same  coordinates  are  given  In  Figure  2.  Practically  all  the 
points  lie  along  straight  lines.  The  points  corresponding  to  the  upper  half 
of  the  explored  temperature  range  have  a  tendency  to  lie  on  straight  lines 
with  a  different  slope.  Pairt  of  the  graph  is  omitted  for  the  sake  of  savirg 
Space. 

Practically  all  the  experimental  points  reported  by  Kudryavtsev  lie  on 
the  straight  lines  1  and  2,  as  we  see  in  Figure  3'  The  points  are  displaced 
substantially  to  one  side  at  the  low  temperatures  of  30  s^r^d  40  *C.  The 
results  of  working  up  the  findings  of  Kuzmir.ykh  are  given  In  the  same 
diagram  by  Curves  3"6.  Owing  to  the  author's  failure  to  give  the  numerical 
data  In  his  paper,  the  equilibrium  press'rre  was  found  from  the  graphs 
reproduced  In  his  article,  which  diminished  the  accurancy  of  the  cited 
results  somewhat. 
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Fig. 3*  Results  of  working 
up  the  experimental  find¬ 
ings  of  Kudryavtsew 
(Curves  1  and  2)  and  Kuz- 
mlnykh  (Curves  3-6). 

A)  log  ^0,  TiOzi  B)  log 
PHzOJ  C)  temperature,  *C. 
Acid  strength  (^  £[2804) 
and  percentages  of  R 2O3 
and  ERO3,  respectively: 

1)  90,  1  and  O.l^;  2)  90, 
4.5  and  1;  3)  75*6,  I.5 
and  1;  4)  75 *6,  I.5  and 
0.8;  5)  75.6,  1.5  and  0.4; 
6)  75*8,  1.5  and  0.2. 


Fig. 4.  Results  of  wor¬ 
king  up  the  experimen¬ 
tal  findings  of  Chere- 
pkov. 

A)  log  Puo,  5025  B)  log 
PH205  C)  temperature, 
*Ci  Acid  strength  (^ 
H2SO4)  and  percentages 
of  R2O3  and  HNOa, 
respectively:  l)  75#  4 
wid  0.5;  2)  75#  4  and 
1;  3)  75.4  and  2;  4) 

75#  4  and  4. 


Flg.5>  Results  of 
working  up  the 
experimental  find¬ 
ings  of  Cherepkov. 

A)  log  Pno,  5025 

B)  log  PH205  C7 
temperature,  *0. 
Acid  strength  ()t 
H2SO4)  aind  perc¬ 
entages  of  11203 
and  ENO3,  respec¬ 
tively:  1)  92,  1 
and  0.5;  2)  92,  1 
and  1;  3)  72,  1  and 
2;  4)  92,  1  and  4; 
5)  92,  1  and  9. 


The  results  of  our  working  up  the  experimental  findings  of  Cherepkov  are 
shown.  In  part.  In  Figures  4  and  5» 

Practically  all  the  polntc  for  an  acid  with  a  strength  of  75^^  H2SO4  lie 
on  straight  lines  (Figure  4j,  The  points  for  90  *C  exhibit  somewhat  low 
values. 

For  the  acid  containing  80^  H2SO4  the  deviation  of  the  points  for  30  *^0 
and  for  2^  of  HNO3  In  the  nltrose  at  70  "C  Is  worthy  of  note. 

The  figures  for  an  acid  containing  85^  H2SO4  are  essentially  different 
from  those  for  all  the  other  acids.  It  being  Impossible  to  draw  straight 
lines  through  the  points  covering  the  entire  temperature  range. 

The  points  corresponding  to  4^  HNO3  at  50  *C-  1^  HNOa  at  70  *C,  and  2^ 
HNO3  at  70  *C  lie  somewhat  off  the  straight  lines  for  the  acid  containing 
92^  H2SO4  (Figure  5),  1^  N2O3,  and  G.5  to  9^  HNO3.. 

The  points  representing  0.5^  ENOa  at  70*C  and  1,  2,  and  4^  HNO3  at  30  *C 
lie  off  the  line  for  the  same  acid,  but  containing  4^  52O3  and  O.5  to  95^ 

HNQ3. 
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All  the  points  lie  off  the  curve  at  30  *0  for  the  same  acld^  but  ^ 
containing  7^  N2O3  and  O.5  to  ANOa,  as  veil  as  the  points  representing 
0.5^  HNO3  at  90*  and  2$  HNQ3  at  70  *0.  . 

Therefore,  the  properties  of  the  system  containing  H2SO4,  AzO,  N5O3, 
and  fiNOa  change  during  the  transition  from  the  low  temperatures  of  30”40  *C 
to  higher  temperatures,  as  was  the  case  for  the  nltrose  that  contained  no 
free  nitric  acid,  apparently  as  the  result  of  the  disintegration  of  the 
hydrates,  which  leads  to  a  change  In  the  equilibrium  pressure  and,  hence.  In 
the  slope  of  the  straight  lines  In  the  graphs  (log  PS2O  ~  ^HO,  BQz)* 

The  higher  the  percentage  of  H2S04  In  the  original  acid,  the  higher  the 
temperature  at  which  the  break  In  the  straight  lines  occurs  in  the  graphs, 
l.e» ,  the  more  stable  are  the  hydrates  and  the  higher  the  temperatures 
required  to  break  them  down. 

The  slopes  of  the  straight  llnes>^  tan  a  »  £  (Figures  I-5)  are  given  in 
Figure  6  as  functions  of  the  H2SO4  concentration  In  the  original  acid. 

A 


O  A 

a-/  s-r 

aJ  P.f 


Pig. 6.  Slopes  of  the  straight  lines  represen¬ 
ted  In  Figs.  1-5.  5  =  tan  a  =  (Ch2S04)* 
a)  tan  a;  B)  Per  cent  concentration  of  12804. 
Cherepkov*s  figures  on  the  percentages  of  NaOa 
and  ENO3,  respectively:  l)  4  and  0.5j  2) 
and  1;  3)  ^  and  2;  I*-)  k  and  4;  5)  figures 
of  Gerl  and  Saenger;  6)  Kudryavtsev's  figures; 
7)  Sanfourche's  and  Rondler's  figures;  8) 
Kuzminykh's  figures. 


Fig. 7.  Coordinate  system  log 

(CHNO39N2O3I  ”  5* 

A)  logtCN^OaCHNOai  B*  Acid 
strength  H2SO4)  and  per¬ 
centages  of  N2O3  and  HNO3, 
respectively:  l)  75/  ^  and 
0.5  4;  2)  80,  4  and  O.5  + 

4;  3J  85,  4  and  O.5  4. 


All  the  points  lie  satisfactorily  near  two  straight  lines,  ^  and  K,  for 
the  Interval  H2SC4,  which  meet  at  an  acid  strength  of  80^  H2SO4. 

In  all  the  experiments  the  values  of  ^  were  taken  for  temperatures  above 
3^40  *0,  Inasmuch  as  other  patterns  of  behavior  apply  at  low  temperatures. 

It  should  be  noted  that  the  value  of  ^  hardly  changes  at  acid  strengths  in 
excess  of  80^  12804.  If  we  start  from  Equation  (l)  and  apply  the  law  of 
mass  action,  we  find: 

(N2O4I  =  K  (HNSOsl  (RNOal.  (I 

for  the  given  12804  strength. 

Therefore  we  ought  to  expect  the  total  equilibrium  pressure  of  the 
nitrogen  oxides,  PhNSOs  HNO3,  to  be  proportional  to: 

(INOaJO-SiNgOal®*®. 

for  acid  strengths  for  which  Reaction  (IJ  plays  an  essential  role. 

Actually,  the  process  is  much  more  complicated,  the  equilibrium 
pressure  of  INO3,  in  particular,  making  Itself  felt. 
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The  points  of  log  [CEJ1O3C52O3 1  ”5  H®  fairly  well  along  straight  lines 
when  plotted  In  logaritnlc  coordinates,  as  shown  In  Figures  7  and  8,  each 
straight  line  corresponding  to  a  certain  acid  strength  (B  •  the  Intercepts 
on  the  axis  of  ordinates  of  the  prolonged  straight  llnes"ln  Figures  I-5). 

The  absence  of  adequate  experimental  data  makes  It  Impossible  to 
follow  up  this  relationship  for  acid  strengths  below  75^  H2SO4.  Sanfourche's 
experiments  with  an  acid  containing  65^  83804  were  run  at  low  temperatures 
and  must  be  discarded  In  the  light  of  the  foregoing.- .  The  tests  made  by 
Berl  and  Saenger  with  a  67^  acid  yield  only  a  single  point. 

The  separate  points  of  the  various  research  workers  are  plotted  In  the 
same  graph  with  a  certain  amount  of  scattering.  For  the  acid  with  a 
strength  of  H2SO4  (Berl,  Saenger),  for  instance,  the  points  aure 

somewhat  low,  while  they  are  somewhat  high  for  the  acid  containing  75.85^ 
82804.  When  we  continue  the  straight  lines  In  Figures  7  and  8,  they 
Intersect  the  ordinate  at  a  point  where  log  [Cn-OaCHNOal  ■  l.e. . 
CH2O3CHHQ3  *  , 


Fig. 8.  Cordlnate  system  log  Fig.  9«  Value  of  B(at  Cjj203^HN03"  • 

[ChI»(^^N203  acids  with  strengths  as  a  function  of  acid  strength, 

of  90>  and  92?  83804.  A)  ?  83804}  B)  B. 

A)  log  tCmOa^NzOal#  Acid 

strength  H3SO47  and  percentages  of 

83O3  and  ENO3,  respectively,  from  Figure  9  gives  the  Intercepts 

Cherepkov's  findings:  l)  92,  4  and  O.5  Bq  on  the  ordinates  axis  at 

e  9;  2)  92,  7  and  O.5  9;  3)  92,  1  CN3O3CHNO3  =  1  as  a  fiinctlon  of 

and  0.5  -t  9;  from  Kudryavtsev's  the  acid  strength.  The  points  lie 

findings:  4)  90?.  along  two  straight  lines  CD  and 

DE,  which  meet  at  an  acid  strength 

of  80?  83804. 

The  equation  for  these  straight  lines  looks  like  this  In  B©  “  ?  83804 
coordinates:  .  . 

1;  At  Ch2804<B0?  83804  Bo  =  10.6U  -  0.1475  082804?  (5) 

2)  At  Ch2S04>S0?  83804  Bo  =  2.84  -  O.O5  Ch2804«  (6) 

On  the  other  hand,  -B  »  -Bo  n  log  [08303011803 
where  n  Is  the  tangent  of  the  straight  lines  in  Figures  7  and  8.  The  values 
of  m  are  given  In  Table  2.  . 

When  we  find  the  equations  for  the  straight  lines  In  the  Q  —  ?  B28O4 
coordinates  (Figure  6)  and  Insert  them  In  (8j  together  with  (5  and  S)z 


Table  2 


Variation  of 

m  with  H?S04  Strength 

Acid  Strength 
.  li  HaSO.) 

75 

80 

85 

92 

B  .....  . 

0.5 

0.7 

0.8 

0.87 

1)  At  Ch2S04'<P^  H2SO4  Pno,  NOa  *  (9 

vberes 

Di  ■  (O.O220U  €5^304  “  0.7572)  log  PH2O  ♦ 
♦  10.6U  -  0.1475  CH2SO4  ♦ 

./  •  ^  .  ♦  B  log  [CHgOaCHNOalj 

2)  At  0^2304  ^*0O5t  ^2S04  PHO,  HQa  -  10^ 
where 

Da  -  (1.4  -  0.0041. CH23O4)  PflaO  CH23O4  +  ®  (CN^OsCHNOal. 

In  these  equations  CH2SO4/  CN2O3/  ChnDs  “  “*e  the  per  cent  by  weight  of 
H2SO4,  II2O3,  and  HNO3;  po  0  •  equilibrium  pressure  of  dry  saturated 

water  vapor  at  the  temper^ure  at  which  the  equilibrium  pressure  of  the 
nitrogen  oxides  above  the  nltrose  was  measured)  and  m  Is  found  as  a  function 
of  the  HaS04  strength  by  plotting  a  curve  front  the  data  In  Table  2. 

Table  3  compeures  the  data  calculated  from  Equations  (9)  and  (lO)  with 
the  experimental  findings  of  the  several  research  workers.  The  agreement  Is 
satisfactory  as  we  see.  These  eq’iatlons  should  be  regarded  as  a  first 
approximation  to  the  solution  of  the  problem  facing  us.  As  experimental 
mdterlal  accumulates  the  equations  will  have  to  be  corrected  accordingly. 

• 

If  we  bear  In  mind  the  conditions  of  the  experiments,  we  will  apply 
the  following  restrictions  on  the  use  of  these  equations: 

1)  Acid  strength:  75  -  92^  E2S04. 

2)  Temperature:  40  -  120*  C. 

3)  Nltroslty:  up  to  approx.  7^%  H2O3  and  up  to  approximately 

4-6^  HNQ3. 

Equations  (9)  and  (lO)  may  be  represented  as  alignment  charts;  we  have 
not  reproduced  these  charts  here  In  order  to  simplify  the  computations. 

•  •  •  •  SUMMARY 

1.  The  experimental  data  on  the  total  equlllbrl  m  pressure  of  nitrogen 
oxides  above  nltroses  in  the  presence  of  free  HNO3  have  been  analyzed. 


.  2.  The  functional  relationship  between  the  total  equilibrium  pressure  of 
the  nitrogen  oxides  In  the  presence  of  HNO3  and  the  concentration  of  the 
system's  components  and  the  temperature  has  been  established. 

3.  It  has  been  fou.id  that  the  system's  properties  change  during  the 
transition  from  temperatures  of  30-40*  C  to  higher  temperatures,  as  Is 
manifested  by  the  change  in  the  slope  of  the  straight  lines  plotted  In 
log  Pj^o,  NO2  “  los  PfigO  coordinates. 
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TABLE  ^ 

Comparison  of  the  Calculated  and  Elxperlmental  Figures  for  the  Total  Equilibrium 
Pressure  of  Hltrogen  Oxides  above  Hltroses  with  Free  Nitric  Acid  I^esent 


cent  1 

Temx>er- 

Pressure. 

(mm  Eg) 

N2O3 

ENOa 

ature. 

From  the 

Experlmea 

CO 

eauation 

2 

3 

4 

5 

6 

1 

0.4 

50 

~f  ■  ■  ■ 

1.06 

.  0.66 

1 

0.4 

70 

2.75 

1.87 

*^•5 

0.2 

50 

2.1 

2 

^.5 

0.2 

70 

5.5 

4.1 

0.9 

0.114 

40 

1-92 

1.96 

0.057 

0.225 

§:!x4 

40 

40 

l-M 

1.42 

0.92 

0.84 

0  106 

40 

0.11 

0.17 

0.224 

0.374 

40 

4.2 

3.1 

0.224 

0.37U 

70 

17 

13.4 

0.22 

0.3^ 

40 

1.6 

3.6 

g.22 

0.368 

0.5 

?8 

38 

i? 

4 

1 

1  50 

54 

53 

4 

2 

50 

76 

74 

4 

4 

50 

101 

104 

4 

0.5 

70 

78 

90 

4 

1 

70 

110 

127 

4 

2 

70 

157 

180 

4 

4 

70 

240 

255 

4 

0.5 

50 

3.3 

3.8 

4 

1 

50 

6 

7.3 

4 

2 

50 

11 

12.1 

4 

0.5 

70 

7.7 

7.5 

4 

1 

70 

15.1 

17.2 

4 

2 

70 

28 

33 

4 

70 

51.3 

56 

4 

9 

70 

104 

116 

4 

0.5 

50 

14.5 

18 

4 

1 

50 

23.6 

24 

4 

2 

50 

38 

*  36 

4 

4 

50 

62 

52 

4 

0.5 

70 

39 

55 

4 

1 

70 

63.5 

65 

4 

2 

70 

103 

85 

4 

4 

70 

167 

138 
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Kudryavtsev's  experimental  figures  have  been  multiplied  by  two  to  convert  them 
into  dissociated  molecules. 
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THE  PARTIAL  HIESSURES  OP  AMMONIA  AND  CARBON  DIOXIDE 
ABOVE  THE  HH4NO3-NH3-CO2-H2O  SYSTEM 


Strong  aqua  ammonia,  containing  ammonia,  carbon  dioxide,  and  hydrogen 
chloride,  is  recovered  in  the  manufacture  of  coke.  The  hydrogen  sulfide  is 
separated  from  these  gases  by  various  industrial  methods  when  this  solution 
is  distilled.  The  suggestion  has  been  made  that  solutions  of  ammonium 
nitrate,  which  lower  the  vapor  pressure  of  ammonia  and  Increase  that  of 
carbon  dioxide  when  they  are  dissolved,  be  employed  to  separate  the  ammonia 
from  the  carbon  dioxide. 


The  same  method  of  separating  NH3  from  CO2  by  using  ammoniiim  nitrate 
may  be  employed  in  the  utilization  of  the  waste  gases  in  urea  synthesis, 
these  gases  totalling  as  much  as  Uo^  of  the  initial  amount.  This  require 
that  we  Imow  the  pressures  of  RH3  and  CO2  above  solutions  of  ammonium 
nitrate  that  contain  ammonia  and  csirbon  dioxide. 


Many  research  workers  have  dealt  with  this  problem  [l-SJ.  However 
their  findings  apply  principally  to  solutions  with  a  molar  ratio  of 
NHstCQz  »  2:1,  corresponding  to  ammonium  carbonate. 


Inasmuch  as  the  ammonia — carbon  dioxide  ratio  in  the  waste  gases 
varies  widely  in  the  production  processes  mentioned  above,  these  figures 

?  roved  to  be  Inadequate  for  developing  a  technological  plan  for  separating 
bese  gases. 


In  the  present  research  we  have  measured  the  total  and  partial 
pressures  of  NH3,  CO2,  and  H2O  at  25,  ^0  60,  and  80*  above  aqueous  solutions 
of  ammonium  nitrate  than  contained  ammonia  and  carbon  dioxide  in  various 
molar  ratios.  Inasmuch  as  the,  total  pressure  above  the  system  varied  from 
40  to  1500  mm  in  our  tests,  we  employed  the  static  method  of  measurement. 


In  our  research  we  utilized  the  test  flask  I  (Fig.lJ,  with  a 
capacity  of  1200  ml,  fitted  with  two  vacuum  stopcocks  a  and  b,  a  funnel  c 
for  drawing  in  the  test  solutions,  a  tube  d,  a  mercury  seal  e,  an  outlet 
tube  f  to  remove  the  liquid  phase  from  the  flask,  and  two  branches  g  and  h 
connecting  to  a  manometer  and  an  evacuated  flask  or  pipet  to  take  gas  samples 


The  test  flask  was  evacuated  to  10“  ^  mm  Hg,  and  then  25O  ml  of  the 
test  solution  were  drawn  in  from  the  funnel  c,  plus  2-3  drops  of  mercury  to 
fill  the  seal  e,^^  Then  the  flask  was  placed  in  a  thermostat  adjusted  to 
the  desired  temperature.  A  manometer  fitted  with  a  mirror  scale  (Fig.l)  a 
stopcock  k  and  a  bottle  1  for  mercury,  was  connected  to  the  branch  pipe  g. 
The  branch  pipes  g  and  h  were  filled  with  mercury  by  raising  the  bottle  1 
the  pipes  being  interconnected  by  turning  *  the  stopcock  a  to  the  appropriate 
position.  Then  the  stopcock  k  was  closed,  the  test  flask  was  connected  to 
the  manometer,  and  the  manometer  was  read.  The  total  pressure  in  the  flask 
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vas  found  by  measuring  the  atmospheric  pressure  and  reading  the  manometer. 

When  the  total  pressure  reached  a  constant  level,  it  was  taken  as  proof  that 
the  system  had  reached  a  state  of  equilibrium.  After  the  total  pressure 
had  been  measured,  a  gas  sample  vas  taken  from  the  flask  for  analysis. 

At  high  temperatures  and  pressures  the  equilibrium  composition  of  the  liquid 
phase  changed  whenever  a  gas  sample  vas  taken  In  the  presence  of  a  liquid  phase. 

That  -Is  why  the  liquid  phase  was.  removed  from  the  test  flask  via  the 
seal  d  and  the  tubes  d  and  f  before  taking  a  gas  sample  In  these  tests.  This 
distortion  vas  not  observed  at  pressures  below  UOO  mm  Hg  (25,^0  and  even  60*), 

!  the  gas  sample  then  being  taken  without  first  removing  the  liquid  phase.  The 

I  gas  sample  for  analysis  vas  transferred  to  the  evacuated  flask,  the  tube 

I  connecting  the  test  flask  with  the  evacmted  one  first  being  heated  to  prevent 
any  condensation  of  water  vapor.  Then  the  flask  containing  the  gas  sample  vas 
;  ^  connected  to  a  series  of  weighed  absorbers,  consisting  of  two  potash  bulbs 

containing  concentrated  ^2S04  to  absorb  the  *minnn-ta  and  water  vapor,  and  three 
I  U-tubes  filled  with  asbestos  wool  soaked  with  a  dilute  caustic  alkali  to 
;•  absorb  the  COa. 


Fig.l.  Layout  of  the 
aparatus  for  analyzing 
a  gas  by  the  evacuated  flask 
method . *  See  the  text  for 
explanations  of  the  notation. 


Fig. 2.  *  Layout  for 
gas  analysis  by  the 
plpet  gfethod ,  See  the 
text  for  explanations 
of  the  notations. 


Flg.3»  Vapor 
pressure  above 
a  KH3-H20  system 
at  60*  with  the 
HSa  concentration 
In  water  ranging 
from  U  to 

A  -  Vapor  pressure, 
mm  Hg; 

B  -  Per  cent  NH3. 

1  -  The  present 
author*  findings; 

2  -  Perman’s 
findings . 


The  fourth  U-tuhe  was  filled  with  CaCl2.  After  the  potash  bulbs  had  been 
weighed,  the  ammonia  was  determined  by  the  KJeldahl  method.  The  NH3,  CO2  and 
H2O  content  vas  expressed  in  per  cent  by  volume,  thus  making  it  possible  to 
.  calculate  the  partial  pressure  of  each  component.  Analyzing  the  gas  In  the 
evacuated  flask  takes  a  long  time. 

To  speed  up  the  analysis  we  worked  out  a  method  of  determining  the 
composition  of  the  gas  by  means  of  a  200-ml  gas  pipet  (Figs  1  and  2).  To  take 
a  gas  sample  the  pipet  III  was  evacuated  to  10  ^  mm  Hg,  placed  In  the  therm¬ 
ostat,  and  connected  to  the  test  flask  I  and  the  manometer  II  as  shown  In  Fig.l. 
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The  manooeter  vas  connected  to  the  funnel  r  by  turning  the  stopcocks 
a  and  n,  and  the  branch  pipe  g,  h,  and  jg  and  peurt  of  the  funnel  r  vere 
filled  with  merc'jry  by  raising  the  bottle  1.  Then  the  manometer” stopcock 
k  vas  closed  and  the  manometer  was  connected  to  the  test  flask  I  by  turning 
stopcock  a.  After  the  total  pressure  had  been  measured  and  the  branch  pipes 
£  and  jg  had  been  warmed  up,  the  stopcocks  n  and  a  were  turned  to  connect  the 
plpet  first  to  the  test  flask  to  take  a  gas  sample  and  then,  by  turning 
stopcock  a  to  the  manometer  to  read  the  pressure  of  the  gas  sample  In  the 
plpet.  - 

;  .  The  gas  In  the  plpet  vas  analyzed  as  follows:  A  definite  excess  of 

a  O.IH  solution  of  82804  vas  drawn  Into  the  plpet  III  from  funnel  r  to 
absorb  the  883,  the  acid  being  back- titrated  after  the  COa  In  the  ^s  had 
been  determined.  Then  the  plpet  was  connected  to  a  device  for  determining 
the  COa  Fig  2.)  Raising  the  bottle  x  caused  mercury  to  drive  the  gas  from 
the  pli>et  Into  the  buret  m,  after  which  a  certain  amount  of  air  vas  drawn 
Into  the  plpet  by  turning  the  stopcock  n  and  lowering  the  bottle  x.  Then 
the  plpet  was  again  connected  to  the  buret  m,  and  the  liquid  In  the  plpet  vas 
cautiously  heated  to  boiling  to  drive  out  any  dissolved  CO2.  After  boiling 
vas  over,  the  residual  gas  In  the  plpet  was  forced  Into  the  buret  m  by  mercury 
pressure  and  then  analyzed  for  CO2  by  absorption  In  alkali.  Knowing  the 
volume,  temperature,  and  pressure  of  the  gas  taken  for  analysis  and  Its 
ammonia  and  carbon  dioxide  content,  we  vere  able  to  calculate  Its  water  . 
vapor.  Flpet  analysis  took  I.5  to  2  hours. 

Comparison  of  the  gas  analysis  using  the  plpet  with  that  using  the 
evacuated  bottl®  yielded  satisfactory  agreement  of  the  results  at  temperatures 
below  60*.  At  higher  temperatures  the  plpet  did  not  afford  the  required 
precision  of  analysis  owing  to  partial  condensation  of  the  gas  In  the  mano¬ 
meter.  This  was  extremely  useful  at  low  pressures,  as  It  enabled  us  to 
determine  small  percentages  of  ammonia  and  carbon  dioxide  In  the  gas  without 
Increasing  the  voliune  of  the  test  flask. 

This  method  of  determining  total  pressure  eind  the  partial  pressures  of 
the  gas  vas  tested  In  the  RB3-H2O  system,  which  has  been  Investigated  by 
several  researchers. 

Perman*s  figures  [9]  for  a  temperature  of  60*  and  concentrations  of* 
ammonia  In  water  that  ranged  from  U  to  165^  are  shown  In  Fig. 3  for  the  sake 
of  compeirlson  with  our  findings. 

The  method  described  above  vas  employed  to  determine  the  total  and 
partial  pressures  at  80,  60,  40  and  25*  of  aqueous  solutions  of  ammonium 
nitrate  containing  ammonia  and  carbon  dioxide.  The  weight  ratio  of  the  water 
to  the  ammonium  nitrate  was  about  2.6  in  all  our  tests. 

The  RH4NO3  per  liter  of  solution  varied  from  2.0  to  25O  grams, 
depending  upon  the  concentrations  of  RH3  and  CO2/  thus  approximating  25-27^. 

The  883  concentration  vas  kept  constant  In  these  tests  (120,100  85,  50, 
and  35  grams  of  NH3  per  liter),  while  the  CO2  concentration  was  varied  from 
0  to  110  grams  per  liter. 

The  composition  of  the  liquid  phase  once  the  system  had  reached 
equilibrium  vas  determined  from  the  composition  of  the  Initial  solution, 
allowing  for.  the  percentages  of  ammonia  and  carbon  dioxide  that  had  passed 
to  the  gas  phase.  The  experimental  data  are  listed  In  Tables  1-5  and  shown 
graphically  In  Figs  If  and  5» 


TABLS  1 


Total  and  Partial  Rressures  above  Solutions  Containing  32-35  grams  of 


HHa  per  liter 


Test 

Liquid  phase* 

Gas  phase 

Ho  • 

OrlginaL 

solution 

Equilibrium 
’  ”  solution 

Per  cent 

VrtlllTIMk 

Bsrtlal  1 

nressures.  mm 

Total 

pres- 

“ 

'Spec- 

Concentra. 

Concentration 

sure 

Iflc 

grav¬ 

ity. 

tlon, 

(grams/ 

liter) 

(Grams/ 

liter) 

[Moles/ 
liter)  __ 

g/ml 

CO2 

WHr,  1  CO:. 

NH^  1  COp 

NH3 

C02 

H2O 

%H3 

PH2O 

^total 

6o*  Temperature. 


100 

101 

102 

103 

104 

105 


I.6Q7U 

1.09^ 

1.106c 

1.112d 

1.1235 

I.I391J 


33.0 

34.5 

33.8 

33.7 

34. 

33.5 


Ik.U 
24.3 

,31.3 

8|  41.81 
55 


32.5 
34.1 

33.5 

33.5 

34.6 

33. 


14.2 

23.71 

30-3 

40. 0l 
50.1 


1.91 

2.01 

1.97 

1.97 

2.03 

I.97I 


0.32 

0.54 

0-69 

0.91 

1.25i 


51^.95 

48.614 
37.12 
24. 8€ 

17.16 

4.97 


7.72 

24.65 

39.24 

54.58 

78.47 


45.05 

43.64 

38.23 

35.86 

28.26 

16.56 


147 

- 

121 

268 

125 

20 

111 

256 

100 

67 

104 

271 

76 

120 

111 

307 

66 

209 

108 

383 

38 

598 

126 

762 

4o*  Temperature 


106 

1.0874 

33. q 

32.8 

1.93 

• 

53.99 

46.01 

58 

- 

49 

107 

1.0967 

33.8 

11.8 

33.7 

11.8 

1.98 

0.27 

45.14 

2.85 

54.01 

41 

3 

52 

108 

1.1076 

33.4 

22.2 

33.3 

22.1 

1.96 

0.50 

36.92 

10.11 

52.97 

38 

11 

54 

109 

1.1162 

33.2 

31.4 

33.1 

31.2 

1.95 

0.71 

30.17 

23.14 

46.69 

30 

23 

46 

110 

1.1276 

34.5 

40.8 

33.3 

40.4 

1.96 

0.92 

21.64 

38.88 

39.48 

24 

44 

^5 

111 

1.1375 

32.1 

54.2 

32.0 

52.6 

1.89 

1.20 

6.48 

70.45 

23.07 

17 

180 

59 

112 

1.1420 

33.1 

59.8 

33.1 

57.0 

1.95 

1.30 

2.79 

81.86 

15.35 

10 

308 

58 

107 

96 

103 

99 

113 

256 

376 


25*  Temperature 


116 

1.0874 

33.0 

32.9 

1.94 

56.5 

43.2 

29.4 

22.6 

52 

118 

1.0967 

33.8 

11.8 

33.7 

11.8 

1.98 

0.27 

50.61 

5.29 

44.1 

24.8 

2.6 

21.6 

49 

117 

1.107c 

33.4 

22.2 

33.3 

22.2 

1.96 

0.5  c 

38.09 

6.75 

55.16 

15.6 

2.8 

22.6 

4l 

119 

1.1162 

33.2 

31.4 

33.2 

31.3 

1.95 

0.71 

34.99 

15.64 

49.37 

13.6 

6.1 

19.3 

39 

121 

1.1275 

34.5 

40.8 

34.5 

40.7 

2.03 

0.93 

25.14 

26.92 

47.94 

11.3 

12.1 

21.6 

45 

120 

1.1375 

32.1 

54.2 

32.1 

53.6 

1.89 

1.22 

5.23 

70.57 

24.20 

4.6 

62.1 

21.3 

88 

122 

1.1420 

33.1 

I59.8 

33.1 

58.6 

1.95 

1.33 

1.71 

14 

14.15 

2.7 

130.4 

21.9 

155 

Tables  I-5  and  Figs  4  and  5  show  the  variation  of  the  total  and  partial 
pressures  as  functions  of  the  temperature  and  the  changes  In  the  CO2  content 
of  the  solution  above  aqueous  solutions  of  KH4NO3  containing  a  constant 
percentage  of  NH3.  They  indicate  that  the  water  vapor  pressure  Is  greatly 
affected  by  the  temperature.  At  a  constant  temperature  the  water  vapor 
pressure  above  solutions  of  ammonium  nitrate  containing  vsirious  amounts  of 
riH3  and  CO2  changes  negligibly. 

As  we  see  from  the  tables  and  figures,  the  total  pressure  above  a  system 
drops  at  first  as  the  percentage  of  CO2  In  the  solution  rises,  then  passes 
through  a  certain  maximum  value,  and  begins  to  drop  off  again.  When  the 


TABLE  2  ' 

'®°^^  **^*1  Partial  Pressures  Above  Solutions  Containing  50-53  grants 

HHa  per  liter  '  *  * 


Liquid  phase 


Gas  phase 


Equlllbrlua 

solution 


HHa  COs  NHa  CO2  NH3 


Per  cent 
by  volume 

NB3 

CO2 

HzO 

Partial 
pressures  ,  mm 


i 


^COa  **H2c|  ^‘total 


8o*  Temperature 


133  l.OT^H  51.8  -  50.5  -  2.97  - 

13^  1.0896  52.5  17.8  51.5  17.0  3.03  0.3< 

135  1.1030  52.2  29.3  51. 27.8  3.02  0.6: 

136  1.1140  52.8  41.6  52.1  39.4  3.06  0.9( 

137  1.1323  50.8  55.2  50.2  50.6  2.95  1.1; 

80  1.1297  50.9  56.7  50.3  52.3  2.96  1.1« 


59.28  -  40.72 
46.18  14.56  39.26 
36.90  26.88  36.22 
28.49  33.96  37.53 
17.02  53.66  29.31 
18.39  50.59131.02 


291  714 

100  271  690 

193  261  719 

281  311  828 

572  313  1066 
552  3391  1092 


•  6o*  Temperature 

138  1.074i|51.8  -  51.1  -  3.00  -  64.77  -  35.23 

139  1.0896  52.5  17.8  51.9  17.7  3.05  0.4o  57.86  4.74  37.40 

140  1.1030  52.2  29.3  51.7  29.0  3.04  0.66  48.80  12. 30  38.90 

141  1.1140  52.8  41.6  51.4  41.0  3.02  0.93  37.66  25.27  37.07 

142  1.1371150.6  60.3  50.4  58.6  2.96  1.33l  i9.19  50.62  30.19 


119  338 

15  116  311 

36  116  297 

76  112  301 

198  118  391 


4o*  Temperature 


1.0741 

51.8 

• 

51.5 

• 

3.03 

• 

64.70 

• 

35.30 

98 

54 

1.0896 

52.5 

17.8 

52.3 

17.8 

3.08 

0.40 

53.24 

2.10 

44.66 

73 

3 

60 

1.1030 

152.2 

29.3 

52.0 

29.3 

3.06 

0.67 

53.28 

5.00 

41.72 

64 

6 

50 

1.1140 

52.8 

41.6 

52.6 

41.5 

3.09 

0.94 

50.60 

10.70 

38.70 

58 

12 

44 

1.1371 

I5O.6 

60.3 

50.6 

59.9 

2.98 

1.36 

21.00 

40.00 

39.O0I 

24 

45 

44 

percentaces  of  CO2  and  NH3  In  the  solution  approach  the  molar  proportions  of 
NH3;  CO2  =  2;  1  ^  3s  1>  the  rise  In  the  total  pressure  is  particularly  striking. 
The  rise  In  the  -total  at  the  left  of  the  maximum  Is  due  to  the  high  partial 
pressure  of  the  ammonia,  and  at  the  right  to  the  high  partial  pressure  of  the 
carbon  dioxide. 

It  should  be  noted  that  the  minimum  on  the  curve  of  total  pressure  Is  some¬ 
what  shifted  toward  a  high  CO2  content  as  the  temperature  Is  lowered  In  solutions 
containing  the  same  percentage  of  NH3.  As  the  CO2  content  of  the  solution  Is 
Increased,  tlie  NH3  pressure  drops,  the  relationship  being  nearly  linear.  The 
slope  of  the  — NH3  curves  to  the  axis  of  abscissas  shows  that  the  higher  the 
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TABUS  3 

Total  and  F^tlal  Pressures  Above  Solutions  Containing  79»7*'Q6*2 
grams  NHa  per  liter 


Liquid  phase 

Gas  phase 

Original 

solution 

. Equilibrium 
solution 

Per  cent 
by  volume 

’artlal 
?ressures^  n 

[otal 

ares- 

Spec- 

Concent- 

Concentration 

sure 

Ific 

grav¬ 

ity. 

JTfiL^XOCX^ 

(grams/ 

liter) 

(Grams/  (Moles/ 
liter)  liter) 

• 

g/ml 

CO2 

NHa 

CO2 

I 

NEa  1  CO2 

NHa 

CO2 

H2O 

P 

^NHa 

^C02 

p 

^H20 

^total 

8o*  Temperature 


69| 

1.05481 

88.5 

86.2 

5.07^ 

* 

73.43 

26.57 

740 

• 

268 

1008 

7J^ 

1.0679 

83.7 

14.6 

81.7 

14.. 2 

4.81 

0.32 

66.16 

5.78 

28.06 

638 

56 

271 

965 

75 

1.0892 

84.3 

28.6 

82.6 

28.1 

4.86 

0.64 

60.28 

7.45 

32.27 

547 

68 

293 

908 

70 

1.0859 

87.5 

41.3 

86.0 

40.3 

5.06 

0.92 

54.33 

13.91 

31.76 

490 

126 

287 

903 

76 

1.1024 

81.0 

55.8 

79.7 

54.4 

4.69 

1.24 

45.23 

20.10 

34.67 

405 

180 

311 

896 

71 

1.1316 

86.0 

73.2 

84.8 

70.5 

lf.99 

1.60 

38.17 

35.57 

27.26 

375 

340 

267 

982 

72 

1.1425 

86.0 

84.1 

85.0 

80.8 

5.00 

1.84 

31.83 

38.88 

29.29 

338 

413 

310 

1061 

73 

1.1491 

86.2 

97.2 

85.3 

92.2 

5.02 

2.10 

24.71 

5O.70I 

24.59 

306 

628 

304 

1238 

6o*  Temperature 


58 

1.0567 

83.6 

82.4 

• 

4.65 

74.83 

25.17 

358 

• 

121 

479 

60 

1.0676 

82.3 

14.1 

81.2 

14.0 

4.78 

0.32 

72.87 

1.53 

25.60 

333 

7 

117 

457 

8-9 

1.0755 

83.4 

24.1 

82.5 

24.0 

4.85 

0.55 

69.28 

4.16 

26.56 

290 

17 

111 

4:8 

57 

1.1044 

84.9 

42.0 

84.1 

41.7 

4.95 

0.95 

57.59 

9.05 

33.56 

222 

35 

128 

385 

62 

1.1020 

83.5 

54.2 

82.8 

53.9 

4.87 

1-25- 

59.13 

10.96 

29.91 

220 

4l 

111 

372 

61 

1.1344 

84.5 

73.4 

84.0 

72.7 

4.94 

1.65<! 

I 

43.38 

25.40 

31.22 

157 

92 

113 

362 

L 

II 

45.27 

26.03 

28.70 

165 

95 

106 

366 

59 

1.14 16 

83.7 

83.9 

83.2 

82.9 

4.89 

1.88 

35.03 

31.96 

33.01 

136 

124 

129 

389 

63 

1.1549 

85.5 

98.0 

85.2 

96.1 

5.01 

2.i8r 

I 

23.53 

50.85 

25.62 

105 

228 

115 

UU8 

. . 

1 

ki 

27.28 

48.80 

23.92 

120 

215 

106 

441 

UO*  Temperature 


83 

1.0529 

83.1 

82.5 

4.85 

85 

1.0654 

84.2 

13.0 

83.6 

13.0 

4.91 

82 

1.0755 

83.4 

24.1 

83.0 

24.1 

4.88 

84 

1  0900 

84.0 

44.0 

83.6 

44.0 

4.92 

88 

1.1020 

83.5 

54.2 

83.1 

54.2 

4.89 

86 

1.1169 

84.0 

70.3 

83.7 

,  70.2 

4.92 

87 

1.1277 

84.0 

80.8 

83.8 

80.7 

4.93 

88 

1.1488 

83.8 

106.0 

83.7 

105.5 

4.92 

77.79 

22.21 

168 

48 

216 

0.30 

78.89 

0.52 

20.59 

165 

1 

42 

206 

0.55 

70.07 

1.20 

28.75 

123 

2 

51 

176 

1.00 

69.80 

2.05 

28.15 

116 

3 

47 

166 

1.23 

68.70 

3.20 

28.10 

106 

5' 

43 

154 

1.60 

63.38 

5.92 

30.70 

90 

8 

44 

142 

1.83 

53.77 

10.68 

35.55 

72 

14 

47 

133 

2.40 

29.84 

37.70 

32.46 

42 

54 

46 

142 

8od 


TABLE  V 

Total  and  Partial  Pressures  Above  Solutions  Containing  98.1-104.8 
grams  IIH3  per  liter 


Test 

Ho. 

- 

Liquid  phase. 

Gas  phase 

Original 

solution 

Equilibrium 

solution 

Per  cent 
by  volume 

Partial 

1 

Total 

- 

Spec¬ 

ific 

Concentra- 

'tlon^ 

Concentration 

Ekressures, 

IttlB 

pres¬ 

sure 

grav- 

'ity. 

(grams/ 

liter) 

tBSSMm 

■ 

■ 

■ 

p/ml 

C02 

CO2 

[  HHa  CO2 

NH3 

CO2 

EzO 

13 

^total 

do*  Temperature 


129 

130 

131 

132 


1.0386 

1.0553 

1.0763 

1.0928 


101.9 

100.6 

100.6 

101.1 


19.2 

37.2 

56.2 


99.1 

5.83 

98.1 

18.8 

5.77 

98.5 

36.6 

5.79 

99.3 

55.2 

5.84 

0.43 

0.83^ 

1.25 


75.65 

7I.7IH 

64.83 

57.09 


4.2 

7.07 

12.09 


24.38 

24.06 

28.10 

26.36 


912 

797 


47 


|294  |L206 

b67  till 


685 

581 


75 

tl28 


297 

306 


tP57 

I1017 


60*  Temperature 


150 

1.0468 

103.0 

101.4 

• 

5.96 

80.7 

19  3 

485 

p.16 

601 

151 

1.0609 

103.4 

20.0 

102.0 

19.8 

6.00 

0.45 

76.13 

3.40 

20.47 

424 

19 

114 

557 

152 

1.0814 

103.4 

38.8 

102.3 

38.5 

6.01 

0.88 

70.63 

7.05 

22.32 

348 

35 

110 

493 

153 

1.0882 

105.9 

53.7 

104.8 

53.4 

6.17 

1.21 

68.41 

6.89 

24.70 

•321 

32 

116 

469 

40*  Temperature 


146 

1.0468 

103.0 

• 

102.2 

• 

6.01 

• 

84.40 

15.60 

238 

• 

44 

282 

147 

1.0609 

103.4 

20.0 

102.7 

20.0 

6.o4 

0.45 

84.00 

1.30 

14.70 

213 

3 

37 

253 

148 

1.08l4 

103.4 

38.8 

102.8 

38.8 

6.04 

0.88 

81.30 

1.80 

16.90 

187 

4 

39 

230 

149 

1.0906 

105.4 

53.7 

104.8 

53.6 

6.16 

1.22 

74.00 

6.12 

19.88 

162 

13 

44 

219 

temperature,  the  steeper  will  be  the  drop  In  the  partial  pressure  of  NH3  with  the 
Increase  In  the  CO2  concentration  In  the  solution. 

P 

The  variation  of  -  CO2  with  the  concentration  of  CO2  In  the  solution  Is 
exponential:  as  the  concentration  of  CO2  In  the  solution  Increases,  the  partial 
pressure  of  the  ceirbon  dioxide  rises,  the  rate  of  rise  increasing  as  the  CO2 
concentration  In  the  solution  approaches  the  molar  NH3:  CO2  ratio  of  2:1  or  3-1. 
The  higher  the  temperature,  the  steeper  the  rise  of  the  CO2  pressure. 

Evaluation  of  Results 

We  have  been  able  to  establish  certain  patterns  of  behavior  for  the  NH^Oa- 
NH3-H2O  system.  To  shed  light  on  them  we  began  with  a  consideration  of  a 
simpler  system:  NH3-H2O,  using  Perman's  data  for  this  purpose  (9l. 

We  know  that  when  the  ammonia  concentration  In  aqueous  solutions  exceeds 
0.1  mole  per  liter,  the  latter  is  In  an  undissociated  state,  as  molecules  of 
NH4OH  (I0].j 
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TABLE  5 

Total  and  Partial  Pressures  Above  Solutions  Containing  118.6-123.0 
Grams  RB^  per  liter 


Liquid  phase 

Original 

Equilibrium 

•  solution 

solution 

Spec¬ 

ific 

Concentra¬ 

tion, 

Concentration 

grav- 

(grams/ 

(Grams/  [Moles/ 

Ity, 

liter) 

liter)  liter; 

g/ml 

NH3  CO2 

NHa  CO2  :02 

Gas  phase 


Per  cent 
by  volume 


ressures. 


Temperature 


12U  1.03771 124.91  - 

126  1.0367  126. 4  19. 

127  1.0572  125.4  37. 

128  1.0776  123.0l55- 


121.2  -  7.13  - 

19.9  123.0  19.8  7.24  0.4= 

37.6  122.4  37.3  7.20  0.8= 

55.6  120.4  54.6  7.03  1.2^ 


80.00|  -  20. < 
77.11  0.95  21.! 

72.28  3.09  24.( 
67.90  9. 011  23. ( 


60*  Temperature 


154  1.0485  121.4  -  119.5  -  7.02  -  85.15  -  14.85 

155  1.0437  122.1  18.5  120.3  18.3  7.08  0.42  81.21  2.90  15.89 

156  1.0667  121.1  36.4  119.5  36.1  7.03  0.82  76.58  5-45  17.97 

157  1.0798  122.1  50.6  120.7  50.3  7.09  I.141 .73.26  5.34  20.40 

40*  Temperature 


113  1.0464  120.8  -  119.8  -  7.05 

114  1.0450  119.6  19.6  118.7  19.6.  6.98  0.4: 

115  1.0638  121.4  38.0*120.5  38.0  7.09  0.8^ 

125  1.0810  119.3  55.8  118.6  55.6  6.98  1.2( 


87,77  -  12.2! 

86.24  0.28  13. 4^ 
86.21  0.59  13.2c 
78.44  1.69  19.81 


p  ^ 

p 

CO2 

H2O 

299 

13.5 

312.5 

41.0 

327 

111 

284 

109 

19 

107 

34 

112 

38 

121 

41 

1.0 

4l 

2.0 

38 

5.0 

49 

When  .we  express  Percan’s  figures  (Table  6)  for  the  liquid  phase  as  mole 
fractions  of  NH4OH  and  HgO,  we  find  that  the  water  vapor  pressure  above  this 
system  obeys  Raoult's  law  exactly. 

*'h20  (1 

p 

where  -H2O  Is  the  water  vapor  pressure  abo’/e  the  system  at  the  temperature  of 
t*:'TT-  Is  the  vapor  pressure  of  pure  water  at  the  temperature  t*;  (1  -  a)  is  the 
mole  fraction  of  water.  "" 

The  ammonia  pressure  obeys  the  formula; 


^H20  (1  -  a) 

p 

where  NHa  is  the  ammonia  vapor  pressure  above  the  system  at  the  temperature 
z  :  K  Is  a  constant  for  the  given  temperature j.  and  a  -  is  the  mole  fraction  of 
RH4OH.  .. 


V. 

—’w.-ssSSi 


r 


BB  WAttr 
vapor.  In  am 


Flg.U.  Total  and  partial  pressures 
above  solutions  containing  32-35 
grams  of  NH3  per  liter.  A  vapor  pres¬ 
sure,  mm  Hg;  B  CO2  content,  grams 
per  liter  of  solution.  1  Total  pres¬ 
sure;  2  NH3  partial  pressure;  ^  CO2 
partial  pressure.  Temperature,  "C: 

1  60;  2  40;  2  25. 


A 


Fig. 5-  Total,  and  partial  press¬ 
ures  above  solutions  containing 
79.7-86.2  grams  of  RHs  per  liter. 

A  -  vapor  pressure,  mm  Hg;  B  - 
CO2  content,  grams  per  liter  of 
solution.  1  Total  pressure,  2 
NH3  partial  pressure;  5  CO2  par¬ 
tial  pressure.  TemperaXure,  C 
1  -  80,  2  -  6O;  2  -  40. 


The  values  of  ^  and  K,as  calculated  from  these  formulas  and  cited  In 
Table  6,  Cols.  10, 11  and  12  remain  constant  at  any  given  temperature  and  change 
with  the  ammonia  concentrations. 

We  see  from  ^ols.l2  and  13  that  the  values  of  H  (Col.l2)  calculated 
from  the  formula  Tr  =  ^^HgO  agree  with  the  flg\jres  for  the  vapor  pressure 

above  pure  water  (C0I.I3).  Perman's  data  go  no  higher  than  23^  of  ammonia  In 
the  solution,  stopping  at  as  low  as  ll^t  NH3  for  60* . 


We  were  Interested  In  finding  out  the  limits  within  which  the  NH3-H2O 
system  obeys  the  foregoing  pattern  of  behavior.  We  did  this  by  calculating  the 
values  of  ^H20  Equations  IJ  and  2)  for  various  concentrations  of 

BH3  in  the  solution  at  20,  30,  40,  50  and  6o*. 
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The  experimental  data  agree  with  the  calculated  figures  within  the 
following  limits:  up  to  20^  of  NH3  In  the  solution  at  6o*,  up  to  25%  of  1IH3 
In  t-ie  solution  at  50*,  up  to  30^  of  NHa  nt  IfO*,  up  to  30^  of  NH3  at  30*, 
and  up  to  35^  of  HHa  at  20*.  Equations  (l)  and  (2)  become  unusable  for  these 
temperatures  at  higher  NEa  concentrations .  Evidently,  above  these  limits  the 
contains  other  molecules,  such  as  (NHa),  HgO,  NH3,  and  others.  In 
addition  to  the  molecules  of  IIH4OH. 

^  examined  the  NH4N03-NB;3-H20  system  In  this  light,  allowing  for  the 

9H4  and  HQ3  Ions  In  computing  the  mole  fractions  of  ammonia  auid  water.  In 
the  solution  of  Test  15^  (Table  5),  for  Instance,  which  contained  119.3  grams 
of  HEa  per  liter,  255  grams  of  NH^KOa  per  liter,  and  671  grams  of  H2O  per 
l^ter,  the  mole  fraction  of  IIH4OH  was  O.I607  and  the  mole  fraction  of  water  was 
0.6928.  let  us  substitute  our  experimental  values  In  the  formulas 


•Mole  fraction  of  H2O 
Mole  fraction  of  IIH4OH 


TABLE  7 


So. 


Composition  of 
the  liquid  phase, 
grams /liter. 

Mole 

fraction 

^NSa 

(atm) 

ba- 

NH4NO3  IHsO  I  NH4OH  H:>0 

Temperature  80* 


124 

121.2 

252.2 

660.6 

0.1658 

0.6877 

1.575 

129 

99.1 

258.8 

677.9 

0.1321 

0.7214 

1.2c  0 

59 

86.2 

266.9 

699.2 

0.1114 

0.7419 

0.9737 

133 

50.5 

282.4 

739.9 

0.0617 

0.7919 

0.5566 

Ve  calculated  the  value  of  the  co« 
(3)  efficient  K  for  the  BH4HO3- 
SHa-HzO  system,  the  results 
being  tabulated  In  Table  7* 

Ve  see  In  Table  7  that  C 
Is  constant  In  the  temperature 
and  concentration  ranges  we 
^  Investigated,  which  bears  out 
the  applicability  of  Equation 
(3)  In  calculating  the  partial 
—  pressure  of  ammonia  above  the 
SEiSOa-NHa-HaO  system. 

Ve  see  In  Table  6  and  7 
3.055  that  the  value  of  K  Is  lower 
3.062  In  the  NEtNOa-NHa-HaO  system 


Mean  value  . ;...  3.12 

Temperature  60* 


154 

119.3 

256.1 

671 

0.1607 

0.6928 

0.822 

150 

101.4 

260.7 

683.1 

0.1340 

0.7560 

0.638 

58 

82.44 

268.8 

704.3 

0.1058 

0.7476 

0.471 

138 

51.1 

282.4 

739.3 

0.0622 

0.7911 

0.289 

Mean  value  . O.689 

Temperature  l»0* 


113 

119.8 

255.7 

670 

0.1616 

0.6916 

0.5855 

146 

102.2 

260.7 

683.2 

0.135 

0.718 

0.3130 

83 

82.52 

267.9 

702 

0.106 

0.747 

0.221 

147 

51.5 

282.4 

739.9 

0.0629 

0.790 

0.129 

306 

32.8 

291.6 

762.8 

0.0388 

0.834 

0.076 

3.338  that  adding  ammonium  nitrate 
to  the  aqueous  solution  of 
ammonia  ought  to  lover  the 
partial  pressure  of  the  ammonia. 
^  _  The  experimental  findings  bear 

0.^1 

0.6528  It  Is  obvious  that  the  mag- 
0.7218  nltude  of  K  will  depend  upon 
the  concentration  of  NE4NO3. 

Its  numerical  values  will  be 
somewhat  different  for  con-  • 
centratlons  of  ammonium  nitrate 
that  are  above  or  below  25-27^. 


0.119 

0.120 

0.112 

0.1i7 

0.118 


Mean  value  . 0.111 


An  endeavor  to  establish 
a  relationship  between  the 
partial  pressures  of  ammonia 
and  carbon  dioxide  In  the  gas 
and  their  concentrations  In 
the  solution  for  the  IIH4NQ3- 
inia-COa-HaO  system  did  not  yield  meaningful  enough  results.  This  Is  due  to  the 
fact  that  adding  carbon  dioxide  results  In  the  formation  of  new  compounds  In 
the  solution  (eunmonlum  carbamate,  ammonium  bicarbonate,  etc.),  making  the  sys¬ 
tem  much  more  complicated.  Additional  data,  which  ve  did  not  have,  would  be 
needed  to  ascertain  the  behavior  patterns  that  prevail  here. 
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SUMMARY 


1]  The  currea  of  total  pressure  above  the  NH4NO3-KH3-CO2-H2O  system 
exhibit  a  mlnlaiim,  to  the  left  of  which  ananonla  predominates  la  the  gas,  with 
carbon  dioxide  predomloatlng  at  the  right  of  the  minimum* 

2]  nve  partial  pressure  of  ammonia  falls  as  the  concentration  of  COa 
In  the  solution  la  Increased,  the  relationship  being  nearly  linear. 

3l  The  relationship  between  the  CO2  partial  pressure  and  the  concent¬ 
ration  of  carbon  dioxide  In  the  solution  Is  an  exponential  one. 

The  water  vapor  pressure  above  the  NRs-RaO  and  NH4N03-NH3-H20 
systems  obeys  Raoult'a  law. 

3]  A  relationship  has  been  found  linking  the  ammonia  partial  pressure 
to  the  mole  fractions  of  water  and  NH4OH  In  the  solution  for  the  NH3-H20  and 
lIH4H03-IfH3-H20  systems. 

6]  derived  patterns  of  behavior  are  evidence  that  ammonia  Is 

present  In  solution  as  molecules  of  NH4OH  or  NH3*  H2O  In  the  RR3-H2O  and 
1IH4II03-RS3-H20  systems  within  the  limits  we  have  explored. 
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THE  EFFECTIVE  lOJfIC  RADII  OF  EIEMEHT3  HI  MELTS 
AHD  IN  SOLIDS  AT  HIGH  TEMFERATORE 


The  deYelopmeat  of  theories  of  some  metallurgical  processes  and  phenomena, 
such  as  the  diffusion  theory  of  the  refining  of  steel,  the  electrolytic  theory 
of  molten  slags,  the  theory  of  solid  solutions,  and  the  like,  required  knowledge 
of  the  effective  radii  of  the  atoms  and  Ions  of  the  elements  In  melts  and  at 
high  temperatures  In  general.  Up  to  the  present  time  the  effective  Ionic 
radii  (Rj^)  and  atomic  radii  (Rj^)  that  have  been  employed  In  calculations  of 
the  formulas  Involved  In  these  theories  have  been  calculated  from  the  findings 
of  the  X-ray  analysis  of  crystal  lattice  structure  and  from  quantum-mechanics 
data  that  again  refer  to  a  substance's  solid  state.  In  both  cases  the 
values  of  refer  to  room  temperatures,  far  from  the  temperatures  at  which 

the  vast  majority  of  metallurgical  processess  occur.  This  Is  what  Samarln 
and  Shvartsman  [1]  do  In  their  calculations  of  the  diffusion  of  Impurities 
from  the  Einstein  equation: 


where  N  Is  the  Avogadro  number;  R  Is  the  gas  constant;  T  Is  the  absolute 
temperature;  7  is  the  viscosity  of  the  medium;  and  r  Is  the  meaui  radius  of 
the  diffused  particles. 

These  authors  took  as  the  value  of  the  last  variable  the  values  of  Rj 
given  by  Goldschmidt.  Comparing  the  diffusion  coefficients  of  various  metals 
with  the  values  calculated  from  Equation  (l),  Samarln  and  Shvartsman  found 
that  "the  agreement  of  the  calculated  and  experimental  values  was  better  than 
could  have  been  expected,  especially  when  the  substantial  errors  Involved  In 
the  experimental  measurements  of  viscosity  and  the  diffusion  coefficients  are 
considered"  and  concluded:  "We  cay  therefore  assert  that  the  Stokes-Elnsteln 
equation  yields  approximately  correct  values  of  the  diffusion  coefficients  of 
metals  In  the  liquid  state  at  low  as  well  as  high  temperatures."  It  should 
be  borne  In  mind  that  the  values  of  the  diffusion  coefficients  calculated 
by  Samarln  and  Shvartsman  for  a  temperature  of  about  ^00  “C  differ  from  the 
experimental  values  by  at  least  25~35^  in  most  Instances. 

Though  ve  agree  with  Samarln  and  Shvartsman  when  they  say  that  the 
experimental  data  on  diffusion  In  molten  media  are  still  very  sparse,  we 
cannot  accept  their  proposal  to  employ  the  Goldschmidt  values  of  Rj_  and  R^^  In 
high-  temperature  calculations  based  on  Equation  (!)•  As  a  matter  of  fact, 
the  values  of  Rj  and  R^  in  crystal  lattices  of  the  same  element  vary 
considerably  with  changes  in  the  coordination  number  and  the  composition  of  the 
compound. 

A  mere  change  In  the  coordination  number  from  4  to  12  Is  enough  to  change 
the  Ionic  or  atomic  radii  by  12-155&.  The  magnitude  and  nature  of  coordination 
changes  radically  during  the  transition  from  the  solid  to  the  liquid  state: 
the  definite  value  for  the  given  type  and  composition  of  space  lattice  turns 
Into  an  indeterminate  value,  largely  dependent  upon  the  random  thermal  motion 


of  the  Ions  In  the  melt.  It  Is  obvious  that  the  change  In  the  values  of 
and  R.  In  the  molten  state  Is  governed  by  other  rules  than  those  holding  In 
crystal  lattices,  and  that  the  higher  the  temperature  of  the  melt,  the 
greater  will  be  this  difference.  That  Is  why  the  values  of  R^^  and  R^^ 
calculated  for  solid  bodies  at  room  temperature  must  result  In  serious  errors 
when  used  to  secure  emy  data  on  phenomena  that  occur  at  temperatures  of 
1000*1600*  and  upward. 

An  attempt  has  been  made  In  the  present  paper  to  estimate  the  values  of 
and  Bj^  In  melts  from  the  figures  on  the  diffusion  coefficients  of  various 
elements  In  molten  metals  and  salts  and  the  viscosity  of  these  melts,  as 
published  at  various  times.  Equation  (l)  was  used  In  our  calculations.  The 
values  we  secured  In  this  manner  are  listed  In  Tables  1  and  2.  These  tables 
also  give  the  values  of  the  diffusion  coefficients  and  the  viscosities  of 
the  melts  at  the  temperatures  for  which  the  calculations  were  made.  The 
diffusion  coefficients  have  been  recomputed  from  cm^  per  day  to  cm*  per 
second. 

Variation  of  Ionic  radii  with  temperature.  The  data  In  Tables  1  and  2  and 
In  Blgure  1  are  evidence  of  the  substantial  change  In  the  Ionic  radii  of  the 
elements  as  the  temperature  of  the  melts  Is  raised.  As  we  see,  the  size  of  the 
.element  varies  directly  with  the  temperature  In  any  given  melt.  Tables  3  fi^nd  U 
give  the  calculated  temperature  gradients  of  change  of  the  ionic  radii  when  the 
temperature  of  the  melts  Is  raised  1*. 

Analysis  of  the  magnitude  of  the  gradient 


Indicates  that  the  order  of  magnitude  of  the  numerical  values  remains  the  same 
(except  for  the  Individual  cases  denoted  by  a  footnote J  In  molten  metals  as 
well  as  molten  salts.  The  arithmetical  mean  values  of  the  gradient  are  found 
to  be: 

For  molten  metals:  O.OO25O  A  per  degree. 

For  molten  salts:  O.OO303  A  per  degree. 

These  values  are  of  the  same  order  of  magnitude  and  extremely  close 
together.  Inasmuch  as  the  mean  deviations  are  smaller  In  Table  we  shall 
henceforth  use  the  value  of  a  =»  0.0025 . 

This  Is  a  figure  of  some  magnitude,  and  the  peurt  It  plays  Is  particularly 
In  evidence  at  the  high  temperatures  of  most  molten  slags  and  metals. 

Let  us  calculate  the  value  of  for  manganese  and  silicon  In  molten  iron 
at  a  temperature  of  I6OO  *C  by  way  of  an  example  of  the  use  of  Equation  (2). 

Taking  the  values  found  by  Goldschmidt  [4]  and  Pauling,  O.91  and  O.8O  A, 
respectively,  as  the  Rj^  of  Mn  at  room  temperature,  and  0.39  aud  0.4l  A, 
respectively,  as  its  values  for  Si^*,  we  find  that  when  the  temperature  rises 
to  about  1580  *,  the  Ionic  radii  should  Increase  by  about  3*92  A,  so  that  the 
value  of  Rj^  should  be  of  the  order  of  4.72-4.83  A  for  manganese  and  of  the 
order  of  4.32  A  for  silicon. 

This  estimate  of  the  order  of  magnitude  of  Rj^  Involves  a  certain  simplifi¬ 
cation,  Inasmuch  as,  first  of  all,  Goldschmidt  gives  his  value  of  Rj^  as 
applying  to  a  lattice  of  the  sodium  chloride  type  with  a  coordination  number  of 
6.  If  we  recompute  these  figures  for  coordination  numbers  of,  say,  4  or  12, 
the  Initial  values  will  be  more  or  less  changed  accordingly,  this  change  being 
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TABI£  I 

loalc  Radii  of  Metal  Elemeats  In  Molten  Metals 


of  the  order  of  ±10^,  l.e, 
a))out  >(0.08— 0.^)A  for 
Mn*^  cmd  ♦0.04  A  for  silic¬ 
on.  Second,  and  tl.ls  Is 
extremely  Importcuxt  In  the 
given  case,  we  do  not  know 
the  valency  of  the  mangan 
ese  and  silicon  Ions  In  an 
alloy  with  Iron  at  l600  *C. 

It  should  he  noted  that  the 
of  manganese  has  the 
following  values  at  higher 
valencies  (in  A): 

Goldschmidt's  values: 

♦3  ♦4^6 

0.70  0.52 

Third  and  last,  we  make 
no  allowance  for  the  fact 
that  the  R^  of  an  element  in 
a  solid  lattice  and  In  solu¬ 
tion  must  differ  somewhat  even 
at  the  same  temperature. 

In  the  light  of  all  these 
assumj)tlons  and  reservations 
It  Is  highly  Interesting 
to  calculate  the  Ionic  radii 
of  manganese  and  silicon  In 
molten  Iron  at  16OO  *0  from 
Equation  (l).  We  take  as  our 
Initial  data  the  diffusion 
coefficient  of  manganese  In 
molten  Iron,  as  determined  In 
the  experiments  of  Paschke 
and  Eautmann,  and  the  diffu¬ 
sion  coefficient  of  silicon 
as  given  by  Samarln  and 
Shvartsman,  at  1600  *0. 

D^=9*6  cm^  per  day  or 
1,11  •  10”"*  cm^  per  second. 

Dsi=7»39  cm^  per  day  or 
0,^  •  10”^  cm^  per  second. 

The  viscosity  of  Iron  at  this 
temperature  Is  estimated  to 
be  about  0.028  poise  [5l» 
Calculation  yields  the  follow¬ 
ing  values: 


Diffus¬ 

ing 

metal 

Metal 

medl- 

iim 

Temp, 
of  the 
meltv*C 

Expt. dif¬ 
fusion 
coeff ., 
cm^/sec • 

Viscosity 
of  the  m^ 
al  medium 
at  the 
expt .temp 
poises 

Ionic  - 

radius 

of  the 

diffusing 

metal* 

Anffstrc/ms 

Pb 

Hg 

9.4 

1.74 

0.0162 

0.72 

Pb 

Hg 

15.6 

1.59 

0.0159 

0.84 

Pb 

Hg 

99.2 

2.22 

0.0121 

1.02 

Pb 

Sn 

500 

3.68 

0.0120 

1.32 

Pb 

Sn 

555 

3.70 

0.0112 

1.47 

Au 

Hg 

11 

0.834 

0.0161 

1.55 

Au 

Pb 

490 

3.51 

0.0190 

0.84 

Au 

Pb 

500 

3.69 

0.0188 

0.8Ji 

Au 

B1 

500 

5.24 

0.0118 

0.94 

Au 

B1 

555 

5.2 

0.0107 

1.09 

Au 

Sn 

500 

5.38 

0.0120 

0.90 

Au 

Sn 

555 

5.^ 

0.0112 

1.00 

Au 

Pb 

555 

3.7 

0.0170 

0.96 

Pt 

Pb 

490 

1.96 

0.0190 

1.50 

Rh 

Pb 

500 

3*52 

0.0188  . 

0.86 

Rh 

Pb 

550 

3.50 

0.0170 

1.01 

As 

Sn 

500 

4.79 

0.0120 

0.99 

Ag 

Sn 

555 

4.8 

0.0112  . 

1.12 

LI 

Hg 

8.2 

0.77 

0.0162 

1.65 

Ra 

Hg 

9.6 

0.74 

0.0162 

1-73 

K 

Hg 

10.5 

0.61 

0.0161 

2.12 

Rb 

Hg 

7.3 

0.33 

0.0163 

2.37 

Cs 

Hg 

7.3 

0.52 

0.0163 

2,42  . 

Ca 

Hg 

10.2 

0.63 

0.0161 

2.04 

& 

Hg 

9.4 

0.55 

0.0162 

2.52 

Ba 

Hg 

7.8 

0.60 

0.0163 

2.10 

T1 

Hg 

11.5 

1.01 

0.0161 

1.28 

Sn 

Hg 

10.7 

1-77 

0.0161 

0.73 

Th-B 

Pb 

340 

2.5  X 

0.025 

0.7? 

Cd 

Hg 

8.7 

1.68‘j 

0.0162 

0.76 

Cd 

Hg 

15.0 

1.8l^{ 

0.0159 

0.73 

Cd 

Hg 

99.1 

3.43^^ 

0.0121  . 

0  66 

Cd 

Hg 

20.0 

1.52  . 

0.0155  . 

0.91 

Cd 

Hg 

20.0 

0.0155- ' 

0.96 

Zn 

Hg 

11.5 

2.52 

0.0161 

0-51 

Zn 

Hg 

15.0 

2.42 

0.0159 

0.55 

Zn 

Hg 

99.2 

3.36 

0.0121 

0.67 

Mg 

A1 

670 

6.08 

0.0635 

1.79 

Mg 

A1 

700 

7.55 

0.0289 

3.17 

Diffusion  coefficient  from  Bogau's  data;  these  figures  differ  greatly  from 
those  obtained  by  other  researchers  and  contain  an  error,  the  R^  decrees  ng  w  n 
rising  temperature. 

The  diffixsion  coefficient  was  determined  at  a  pressure  of  I5OO  atm. 

A  nominal  value  of  viscosity  was  used. 


TABLE  2 


Ionic  Radii  of  Metals  In  Molten  Salts 


Diffus¬ 

ing 

metal 

Diffusing 

salt 

Salt  medium 

Temper¬ 

ature, 

•c 

Experim¬ 

ental 

diffusion 

coeff.[2l 

cm?/sec 

•10*^ 

Viscosity 

(3al  of 
the  salt 
nsdlua  at 
the  given 
temp, 
poises 

Effective 
ionic  rad¬ 
ius  R^  of 
the  (Rffus- 
Ing  metal. 
Angstroms 

Ag 

AgHOa 

KNOa 

360 

4.57 

0.027 

0.35 

Ag 

Ag!fOa 

KROa 

390 

4.86 

0.022 

0.45 

Ag  ,  AgHOa 

RsdrOa 

330 

4.57 

0.027 

0.36 

A«  1 

AgNOa 

RaNOa 

360 

5.06 

0.0235 

0.39 

Ag 

AgCl 

KCl,  LlCl 

1^0 

4.61 

0.035 

0.34 

Ag 

AgCl 

KCl,  LlCl 

500 

U.65 

0.0308 

0.40 

Ag  1  AgCl 

KCl,  LiCl 

520 

4.63 

0.0275 

0.46 

Ag 

AgCl 

KCl,  LlCl 

600 

5.30 

0.0184 

0.66 

Ag 

AgCl 

KCl,  LlCl 

7V0 

6.67 

0.0100 

1.11 

Ag 

AgBr 

KBr  • 

780 

4.92 

0.0130 

1.21 

Ag 

Agl 

KI 

780 

5.09 

0.0165 

0.92 

Ag 

Agl 

KI 

720 

4.63 

0.0215 

0.73 

T1 

TlROa 

KNOa 

380 

3.36 

0.023 

0.62 

T1 

TlNOa 

KROa 

365 

3.28 

0.026 

0.55 

T1 

TUrOa 

KNOa 

345 

3.17 

0.028 

0.51 

T1 

TlNOa 

RaNOa 

360 

4.31 

0.0235 

0.46 

T1 

TlROa 

RaNOa 

330 

3.92 

0.027 

0.42 

T1 

TlHOa 

RaNOa 

320 

3.94 

0.028 

0.39 

T1 

TlCl 

KCl,  LlCl 

580 

3.47 

0.020 

0.70 

T1 

TlCl 

KCl,  LlCl 

520 

3.10 

0.0275 

0.68 

T1 

TIjCI 

KCl,  LiCl 

600 

3.56 

0.0184 

1.03 

T1 

TlBr 

KBr 

780 

3.78 

0.0130 

1.57 

T1 

TlBr 

KBr 

770 

4.28 

0.0135 

1.32 

T1 

Til 

KI 

720 

3.14 

0.0215 

1.08 

T1 

Til 

KI 

780 

3.30 

0.0165 

1.41 

Sa 

NaK63 

KNOa 

360 

5.21 

0.027 

0.33 

Br 

KBr 

KNOa 

360 

3.01 

0.0217 

0.57 

Br 

KBr 

KNOa 

380 

2.94 

0.023 

0.71 

Br 

KBr 

KNOa 

360 

2.96 

0.027 

0.58 

Ba 

Ba(R03)2 

KNO3 

370 

2.08 

0.0244 

0.93 

Ba 

Ba(R03)2 

NaNOa 

360 

3.72 

0.0235 

0.52 

Sr 

Sr(N03)2 

KNOa 

370 

3.06 

0.0244 

0.63 

Sr 

Sr(R03)2 

KNOa 

360 

2.82 

0.027 

0.61 

Sr 

Sr(N03)2 

RaNOa 

345 

4.17 

0.0255 

0.43 

Sr 

Sr(503)2 

RaNOa 

360 

4.40 

0.0235 

0.45 

Pb 

PbCl2 

KCl,  LiCl 

530 

2.02 

0.0260 

1.12 

Pb 

PbCl2 

KCl,  LiCl 

720 

4.40 

0.0107 

1.55 

Cu 

Cul 

Agl 

480 

3.7—4 

(0.045) 

(0.42) 

Rl  of  manganese.  .....  A 

Ri  of  silicon . 5.7  A 


Notwithstanding  the  exceptional  difficulties  of  determining  the  diffusion 
coefficients  and  the  viscosities  experimentally  at  such  high  temperatures,  ve  note 
the  satisfactory  agreement  between  the  experimental  and  calculated  values  of 
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Flg.l.  Variation  of  the  Ionic  radius  of 
sliver  vlth  temperature  In  various  melts 
A)  Ionic  radii.  A;  B)  temperature,  "C. 
Ionic  radii  of  silver:  1)  In  KCl  LlCl; 
2)  In  KHOa;  3)  in  NaNOa. 


a  3T1;  3)  two  liquid 
layers. 

differing  by  no  more  tnan  and 

the  feasibility  of  employing  the 
Einstein  equation  for  these  calcula- 
tlbns  at  any  temperatures. 


If  we  use  Goldschmidt’s  figures 
for  the  of  Mn^^  and  at  such 

high  temi>eratures  without  applying  any  corrections,  l.e. ,  as  Samar  in  and 
Shvartsman  [l]  recommend,  and  compute  the  diffusion  coefficients  of  these  Impurit¬ 
ies  In  molten  Iron,  we  get  figures  that  are  5  to  8  times  higher  than  the  experimen¬ 
tal  values.  ^ 

Nor  can  we  Ignore  the  fact  that  the  Ionic  radii  of  nitrogen,  carbon,  and 
sulfur  In  Iron  at  l600  *,  as  computed  from  the  diffusion  coefficients  of  these 
elements  calculated  by  Samarln  and  Shvartsman  [6]  and  from  the  viscosity  or  iron 
as  0.028  poise,  are  extremely  high  (Table  5)- 


TABLE  3 


Temperature  Gradients  of  the 
Change  of  the  Effective  Radii  of 
Elements  in  Molten  Metals. 


Elem¬ 

ent 

Met¬ 

al 

medi¬ 

um 

it 

SR4 

(BA) 

Gradient, 

a  = 
hRi 
ht 

Ag 

Sn 

50 

0.13 

0.00260 

Au 

Sn 

55 

0..10 

0.00182 

Au 

Pb 

55 

0.12 

0.00218 

Au 

B1 

55 

0.15 

0.00272 

Zn 

Hg 

87-7 

0.l6 

0.00183 

Fb 

Hg 

88.8 

0.50 

0.00338 

Pb 

Hg 

83.6 

0.18 

0.00215 

Pb 

Sn 

55 

0.15 

0.00275 

Rh 

Pb 

50 

0.15 

0.00300 

Mean  value 

0.00250 

It  must  .be.  supposed  that  the,  diffusion 
coefficlent  of  silicon  should  not  be  * 
smaller,  as  found  by  Samarln  and 
Shvartsman, . but  larger  than  the  respective 
values  for  manganese.  If  we  assume  that 
thejnolten  Iron  contains  R”~,  C"^,  and 
S"^  16ns,  the  Ionic  radii  of  which  are 
given  by  Goldschmidt  as  2  12,  2  60,  and 
1.7^  A,  respectively,  their  ionic  radii 
at  l600*C  should  be  of  the  order  of 
magnitude  given  in  Column  U  in  Table  5 
The  discrepancy  is  nearly  2  in  the  case  of 
nitrogen  and  carbon,  and  4.5  for  sulfur, 
which  Indicates  that  the  absolute  values  of 
the  diffusion  coefficients  of  these  elements 
In  molten  iron  found  by  Samarln  and 
Shvartsman  must  be  approached  with  a 
certain  amount  of  caution. 

The  ionic  radius  of  magnesium  has  been 
calculated  from  its  diffusion  coefficient  in 
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TABLE  k 

Temperature  Gradients  of  the  Change "&f 
the  Ionic  Radii  of  Elements  In  Molten 
Salts 


Ele¬ 

ment 

Molten 

medium 

At 

6Ri 

(BA) 

Gradient, 

^Rl 

»  -  TTE 

Ag* 

XMOa 

30 

0.10 

0.00333 

/g* 

KaROa 

30 

0.03 

0.00100 

Ag* 

KCl,  LlCl 

260 

0.77 

0.00296 

Ag* 

KI 

60 

0.19 

0.00317 

Tl* 

KROa 

35 

0.11 

0.00314 

Tl* 

RaROa 

40 

0.07 

0.00175 

Tl* 

KCl,  LlCl 

80 

0.45 

0.00437 

Tl* 

KBr 

10 

0.25 

0.025* 

Tl* 

KI 

60 

0.33 

0.055* 

Br* 

KROa 

20 

0.14 

0.00700 

Sr*  • 

KROa 

10 

0.02 

0.00200 

Sr** 

RaROa 

15 

0.02 

0.00133 

Fb*  • 

KCl,  LlCl 

190 

0.43 

0.00226 

1  Mean  value 

0.CX)303 

molten  aluminum  (measured  by 
Belozersky  and  Barzakovsky  [3^1 ).  The 
viscosity  of  molten  aliimlnum  Is  not 
yet  known  with  sufficient  accuracy  (7j. 
Starting  with  the  experimental  values 
of  p  and'*^,  we  find  the  Rj[^  of 
ma^eslum  In  aluminum  to  be  1.79  A  at 
67“C  and  3JL7  A  at  700*0.  The  Ionic 
radius  of  the  Mg^^  Ion  should  be  about 
2.39  "  2.47  A  at  67O  -  700*C,  according 
to  Equation  (2)  (Goldschmidt  gives 
B.j^  ■  0.78  A).  Here,  again.  Equation 
(2)  enables  us  to  secure  values  that 
approach  those  calculated  from 
Equation  (1). 

Variation  of  Rj^  with  the  qualitative 
composition 


of  melts.  We  see  from 

the  effective  radius 


Tables  6  and  7  that 
of  a  given  Ion  at  a  given  temperature 
Is  different  In  different  melts.  This 
Is  obviously  attributable  to  the  fact 
that  the  dimensions  of  the  Ions  and 
their  probable  distribution  throughout 
the  molten  mass,  which  sets  up  some 
Image  of  the  coordination  number  for 
different  melts.  In  gold,  for  example. 


different  In 

A  at  500*C  when  we  shift  from  an  alloy  with  lead,  the 


the  Impurity  Ion,  will  be 
the  value  of  Rj^  rises  0.1 

atomic  radius  of  which  Is  R^^  ■  1.74  A  to  an  alloy  with  bismuth,  for  which 
R^  a  1.46A(both  of  these  figures  being  taken  from  the  crystal  lattices  of  these 
metals).  The  changes  In  the  Ionic  radii  of  the  elements  In  molten  salts  are  no 
less  substantial  when  the  composition  of  the  latter  Is  changed. 


Variation  of  the  R^  of  an  element  with  Its  concentration  In  the  melt.  Changing 
the  concentration  of  an  element  In  a  melt  must  affect  Its  effective  radius,  if  all 
other  conditions  remain  the  same.  As  a  matter  of  fact,  the  energy  of  a  given 
element's  Interaction  with  the  constituents  of  the  melt  changes  insofar  as  the 
lens  of  the  melt  change  the  geometry  of  the  surroundings  of  thed.ement's  ion.  This 
Is  particularly  true  when  the  valency  of  an  element  changes  in  the  given  melt;  in 
the  Co  -  Si  system,  for  example,  the  compounds  Co3Si,  C02SI,  CoSi,  C0SI2  and 
C0SI3  have  been  found.  Although  these  compounds  are  formed  when  the  melt 
crystallizes,  it  must  be  assumed  that  considerable  changes  occur  In  the  dimensions 
of  the  Ions  even  in  the  liquid  state  as  a  result  of  changes  In  the  quantitative 
proportions  of  the  melt's  constituents. 

Only  extremely  sparse  material  Is  available  at  the  present  time  to  Illustrate 
this  general  postulate.  The  data  we  possess  are  Welsstedel's  findings  [8]  on  the 
diffusion  of  zinc  In  mercury  and  Welsstedel's  and  Bogau’s  findings  [9l  on  the 
diffusion  of  cjdnium  in  mercury.  All  these  experiments  were  run  at  20*C.  As  we 
see  from  their  findings  (Table  8),  the  diffusion  coeffients  fall  systematically  as 
the  concentration  of  zinc  and  cadmium  is  increased  in  the  amalgams  from  which  these 
elements  diffuse  Into  the  mercury,  and,  since  there  Is  but  little  change  In  the 
viscosity  Involved  In  such  changes  In  the  composition  of  the  liquid  metal,  the 
change  In  the  diffusion  coefficients  must  be  attributed  to  a  change  In  the  Ionic 
radii  of  the  diffusing  elements. 
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TABLE  5  Application  of  the  behavior 

loalc  Badtl  of  Bitrogen,  Carbon,  and  Sulfur  fatterna  to  explain  certain 

-  *  phenomena  observed  In  solid 

on  Ionic  radius  Ionic  radius  solutions.  Hume-Rothery  fiOj  r^s 

coefflc-  at  l600*  at  l600*,  as  found  that  solid  solutions  are 

lent  p,  from  Equation  given  by  formed  In  binary  alloys  wherever  the 

cm*  per  (l),  I  Goldschmidt,  Ionic  or  atomic  radii  of  the  ele- 

<3Ay  Angstrhftas  corrected  for  ments  comprising  the  alloys  dr*  nrt 

temp,  from  differ  by  more  than  15^.  Tnls  r-ie, 

-  -  '  Equation  (2)  however,  cannot  explain  the  finding 

1.. ..  3.26  12  9  7  0  solid  solutions  In  several  alloys 

C.!!!  2!83  lV*9  85  elements  whose  Rj^  differ  'ey 

3.. ..  1.66  5^7  20-30  per  cent  and  more. 

The  variation  of  the  ef'^ectlve 
radii  of  Ions  and  atoms  with,  tem^.' 

erature  discovered  above  Indicates  that  the  relative  difference  between  the 
dimensions  of  all  Ions  (or  atoms)  diminishes  as  the  temperature  Is  raised..  Hence, 
elements  whose  dimensions  differ  substantially  at  room  temperature  (the  difference 
between  their  Rj^  exceeding  15^)  may  form  solid  solutions  as  the  temperature 
rises,  due  to  the  decrease  In  the  relative  difference  between  their  effective 
radii,  these  solutions  decomposing  at  a  certain  Instant  during  cooling,  when  the 
relative  difference  between  their  dimensions  attains  some  critical  value. 

In  the  Hl-Tl  system,  for  example,  the  atoms  of  the 
constituents  have  radii  of  1.2U^  and  1.71  A, 

V  respectively,  at  room  temperature,  l.e. ,  they  differ  by 

(Figure  2).  ^ 


OS  fa  /S  20 


Flg.3‘  Part  of  the  Fe-B 
system. 

A)  Temperature,  *C;  B) 
per  cent' of  T1  by  weight. 
1)  a  +  FeaB;  2)  X ♦  FeoB; 
5)  liquid  ■♦•y;  U)  liquid 

+  a- 


Fig. 4.  Part  of  the 
Al-Sl  system. 

A)  Temperature,  *0; 

B)  per  cent  SI  by 
weight. 


0  to  JO  JD  Ur  JD  V  frj  JD /tp 

0 

Fig. 5.  The  Au-Nl  system. 
A)  Temperature,  *C;  B) 
per  cent  Nl.  l)  AuRij 
2)  saturated  Au  -  solid 
solution  T  saturated  Ni  “ 
solid  solution;  3)  solid 
solution. 


nevertheless  there  Is  a  limited  solid  solution  In  this  system,  with  up  to  3^ 
of  Tl,  at  1387*.  The  boundaries  of  this  solid  solution  at  room  temperature  have 
not  been  determined,  but  they  are  extremely  small.  The  appearance  of  this  solid 
solution  at  a  high  temperature  becomes  comprehensible  in  view  of  the  fact  that 
the  radii  of  both  atoms  are  Increased  by  seme  3  50  A  when  the  temperature  is 
raised  some  i400*C,  thus  diminishing  the  difference  between  them  to  11^. 


815 


In  the  Iron-boroa  system  (Figure  3)  r  the  atoms  of  vhlch  have  radii  of  1.27 
and  0.97  A,  respectively,  representing  a  difference  of  3Vjt  between  the  two  at 
room  temperature,  while  a  &  solid  solution  may  exist  at  about  l400’C  as  the 
result  of  the  difference  between  the  two  values  of  dropping  to  A 

^mtf^  solid  solution  exists  between  the  temperatures  of  915  and  IjBl*,  being 
transformed  into  an  a -solid  solution  at  915*  •  The  latter  transformation 
occurs  at  a  difference  of  95t  between  the  R^  for  the  two  elements. 

In  the  alumln-na  -  silicon  system  (Figure  4)  the  difference  between  the 
atomic  radii  is  22^  at  room  temperature,  the  solid  solution  of  SI  In  A1 
decomposing  nearly  completely  at  this  temperature.  As  the  temperature  Is  raised, 
a  solid  solution  appears  In  the  vicinity  of  the  pure  A1  constituent.  Increasing 
rapidly  as  the  temperatia*e  rises.  In  accordance  with  a  decrease  In  the 
difference  between  the  atomic  radii.  Thus,  at  a  temperature  of  about  250*C, 
when  the  solubility  of  SI  In  A1  Is  0.055^,  the  difference  between  the  R.  values 
Is  1551,  while  at  577*,  when  the  solubility  totals  1.65^  of  Si,  the  difference 
between  the  atomic  radii  has  fallen  to  10^. 

In  the  gold-nickel  system  (Figure  5)/  ^he  difference  between  the  atomic 
radii  Is  165^  at  ronm  temperature,  l.e. ,  their  difference  Is  at  the  critical 
limit,  according  to  Hume-Rothery.  None  the  less,  this  system  exhibits  an 
unbroken  series  of  solid  solutions  at  high  temperature,  thoughout  the  concentra¬ 
tion  range.  This  is  quite  understandable.  Inasmuch  as  the  difference  between 
the  Rj^  of  gold  and  nickel  Is  less  than  6^  at  about  850‘‘C.  The  decomposition  of 
the  initial  solid  solution  Into  two  other  solid  solutions  In  this  system  occurs 
at  a  difference  between  the  value’s  of  R^^  totaling  6  to  9^. 

The  origin  of  introduction  solid  solutions.  The  foregoing  enables  us  to 
advance  some  hypothesis  on  the  origin  of  introduction  solid  solutions.  It  Is 
thought  [10]  that  If  the  dimensions  of  the  atoms  of  the  two  constituents  are 
not  too  far  apart,  so-called  substitution  solid  solutions  (in  which  the  atoms 
of  one  constituent  replace  the  atoms  (or  ions)  of  the  other  constituent  In  Its 
space  lattice)  are  produced,  without  distorting  (or  else  distorting  only 
negligibly)  the  lattice  parameters.  It  Is  held  that  Introduction  solid 
solutions  [10,  11]  are  formed  by  the  ’’introduction-’  of  atoms  or  Ions  of  one 
constituent  into  the  space  lattice  of  the  other  constituent,  the  two  constituents 
differing  substantially  in  atomic  radius  (Hagg’s  theory)  thus  causing  an  appreciable 
deformation  of  the  space  lattice  parameters. 

The  concept  of  a  change  In  the  effective  atomic  and  Ionic  radii  with 
temperature  and  of  a  decreaje  In  the  relative  differences  between  the  dimensions 
of  all  atoms  and  Ions  as  the  temperature  Is  raised  enables  us  to  outline  the 
loll owing  process  of  formation  of  solid  solutions. 

At  high  temperatures  the  primary  solid  solutions  are  formed,  these  being 
substitution  aolii  solutions,  as  may  be  readily  calculated  fcr  the  most  diversified 
pairs  of  components. 

The  wolfram  atom  has  an  R;^  =  1.4l  A,  while  the  R;^  of  the  ceirbon  atom  is  0.77  A, 
l»e« »  they  differ  oy  85^.  A  solid  solution  is  formed  in  the  W-C  system  at  about 
5560“  (containing  about  3  atomic  per  cent  of  carbon);  this  Is  quite  comprehensible, 
since  at  that  temperature,  the  atomic  radii  of  both  constituents  have  increased 
by  8.40  A  over  the  respective  values  for  room  temperature,  which  diminishes  the 
difference  between  the  R^  of  these  constituents  to 

Two  possible  cases  may  arise  during  the  cooling  of  a  substitution  solid 
solutions 


a)  When  the  ratio  hetveea  the  dlmenslorjs  of  the  atoms  (or  Ions)  of  the 
coastltuents  varies  within  a  narrow  range  throughout  the  temperature  range  from 
the  melting  point  to  room  temperature,  the  solid  solution  will  still  be  a 
substitution  solid  solution  In  the  cold  state. 

b)  When  the  ratio  between  the  dimensions  of  the  atoms  (or  Ions)  of  the 
constituents  varies  over  a  wide  range  as  the  temperature  of  the  solid  solution 
changes  from  the  melting  point  to  room  temperature,  the  primary  substitution 
solid  solution  will  have  to  be  transformed  Into  an  Introduction  solid  solution, 
in  the  cold  state. 


The  decomposition  of  Intro¬ 
duction  solid  solutions  Is 
governed  by  several  factors  and 
may  take  place  at  different  rates 
at  various  temperatures.  Inter¬ 
mediate  phases,  such  as  are 
actually  observed  In  many  Inst¬ 
ances  (as,  for  Instance,  In 
Figure  3) f  niay  be  formed  depend¬ 
ing  upon  the  limits  within  which 
the  ratio  of  the  atomic 
dimensions  of  the  components  In 
the  solid  solution  and  the  rate 
of  decomposltloa  of,  primary 
solid  solutions  during  cooling 
vary.  • 

Hence {  Introduction  solid 
solutions  are  formed  from 
substitution  solid  solutions  as 
the  latter  cool,  provided  the 
ratio  of  the  components*  atomic 
dimensions  varies  widely  as  the 
melt  cools. 

.  SUMMARY 

1.  It  has  been  shown  that 
the  dimensions  of  the  Ions  of 
elements  In  molten  metals  and 
salts  vary  with  their  temperature 
and  composition,  as  well  as  with 
the  concentration  of  the  elements 
In  the  melts. 


TABLE  6 

Effect  of  the  Nature  of  the  Molten  Metal 
Upon  the  Ionic  Radius  of  Gold  at  ^00  *C. 


Melt 

Ionic 

radius 

of 

gold, 

A 

Goldschmidt ' s 
value  for  the 
atomic  radius  of 
the  metal  medium, 

A 

• 

^In  lead 

0.8V 

1.7V 

Gold  . 

In  tin 

0.90 

1.53 

• 

In  blsmith 

0.9V 

1.V6 

TABIE  7 

Effect  of  the  Composition  of  the  Molten 
Salts  Upon  the  Ionic  Radius  of  an  Element 

Temp.  Melt  Ionic  radius 

•C  of  the  ?ietal, 

A 


Silver  In 


KNO3.. 
NaNOn • 

KRr ... 
KI.... 


Strontium  In 


365  KNO3....  0.^5 

360  nn.  iw  4  NaNOo..'-  0.46 

780  i  KBr .  1.37 

780  IKl .  1>1 

360  .  TkNOs -  0.6V 

360  Strontium  In  j^NaNOa-..  O.V5 

Note.  The  Rj  of  potassium  Is  1.33  A,  of 
sodium  0.98  A,  of  bromine  I.96  A,  and  of 
iodine  2.20  A. 


2.  In  the  general  case  the  Note.  The  Rj  of  potassium  is  1.33  A,  or 

dimensions  of  ions  of  any  one  sodium  O.98  A,  of  bromine  I.98  A,  and  of 

element  at  any  one  temperature  Iodine  2.20  A. 

are  different  In  liquid  phases 
that  are  In  contact  with  each 

other,  as  In  the  metal”Slag,  metal—matte,  slag”matte  systems,  and  the  like. 

3.  It  has  been  shown  that  the  Einstein  equation  for  the  diffusion 
coefficient  of  colloidal  particles  in  a  liquid  may  be  employed  to  determine  the 
sizes  of  Ions  In  melts,  provided  the  diffusion  coefficient  of  the  element  and  the 
viscosity  of  the  melt  are  known. 


k.  It  has  heea  shown  that 
Samaria's  and  Shvartsman's 
conclusion  that  the  ionic  radii 
of  elements  calculated  by 
Goldschmidt  for  space  lattices 
at  room  temperature  may  be 
used  to  calculate  the  diffusion 
coefficients  in  melts  at  high 
temperatures  is  erroneous. 

It  has  been  shown  that 
in  melts  in  which  there  is  a 
great  difference  between  the 
atoaic  or  ionic  radii  of  the 
ccmponents  at  room  temperature, 
solid  solutions  are  regularly 
formed  at  high  temperatures, 
since  at  these  temperatures 
there  is  a  relative  decrease  in 
the  differences  between  the 
or  of  the  elements. 


TABLE  8 


Effect  of  the  Concentration  of  Zinc  and.  . 
Cadmium  in  a  Mercury  Amalgam  Upon  Their 
Effective  Radii 


Element 

" 

Concentratloc. 

Diffusion 

Ionic 

of  element 

coefflc- 

radius  of 

by  weight  in' 

lent,  cn^ 

the  element. 

amalgam 

per  day 

A 

0.1 

2.22 

0.54 

0.2345 

1.44 

0.828 

Zinc  < 

0.475 

0.675 

1.39 

1.35 

0.860 

0.884 

0.850 

1.315 

0.91 

0.900 

1.265 

0.94 

Cadmiumj 

0.9  -  1.5 

0.1 

i.ja 

1.65' 

0  0 

Rote.  The  2.22  value  is  extrapolated. 


6.  A  hypothesis  is  advanced  regarding  the  origin  of  introduction  solid 
solutions  during  the  cooling  of  substitution  solid  solutions  whenever  the  ratio 
of  the  components'  atomic  (or  ionic)  dimensions  varies  greatly  during  the 
cooling  of  the  melt. 
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THE  EFFECT  OF  AMMOHIUM  SALTS  UPOH  THE  CORROSION  OP  COPPER  POWDES 


As  we  know,  copper  powder  Is  acted  upon  readily  by  various  corrodliis 
agents.  The  presence  oF  ammonium  salts  or  other  chemicals  In  the  room  where 
copper  powder  Is  stored  accelerates  the  latter's  corrosion* 


The  hypothesis  had  been  advanced  earlier  [l]  that  the  corrosion  activity 
of  ammonium  salts  In  atmospheric  corrosion.  In  the  absence  of  any  direct 
contact  with  the  corroded  surface,  must  be  related  to  the  volatility  of  the 
acid  formed  by  this  salt.  This  hypothesis  was  put  forward  on  the  basis  of 
a  study  of  the  corrosive  action  of  only  two  salts:  ammonium  chloride  and 
carbonate.  It  was  therefore  felt  to  be  advisable  to  check  the  correctness 
of  this  notion  on  a  large  number  of  objects.  In  the  present  research  we 
have  Investigated  the  corrosive  action  of  chemically  pure  ammonium  halides 
and  of  the  carbonate,  nitrate,  acetate,  sulfate,  and  dlsubstltuted  phosphate 
of  ammonium.  Common  copper  powder  produced  Industrially,  containing  99-92^ 
copper  and  with  a  specific  gravity’  of  the  dry,  granular  material  of  0.9,  was 
used  In  our  tests. 


The  corrosion  tests  were  run  as  follows.  Weighed  samples  of  the  powder 
were  placed  In  porcelain  beakers  Inside  2.5-llter  Jars,  with  the  ammonium 
salt  and  water  placed  In  separate  porcelain  beakers.  The  sample  of  copper  powde; 
vza  always  the  same  -  2.5  g*A3  for  th^  salts,  their  samples  were  dimensioned 
so  as  to  contain  1  g  of  ammonium  [NE*  ].  Then  the  Jars  were  closed  tight  with 
paraffined  cork  stoppers,  sealed  with  parrafln,  and  placed  In  a  thermostat. 

The  corrosion  tests  lasted  12  hours  at  40^0.5*  •  After  the  test  was  over,  the 
samples  were  transferred  to  a  desslcator  containing  calcium  chloride,  chilled, 
and  weighed  until  their  weight  was  constant.  The  rate  of  corrosion  was 
expressed  In  milligrams  per  gram  of  sample  per  day  [mg/  g/  day]. 


The  effect  of  the  corrosive  action  of  the  ammonium  salt  was  defined  as 
the  per  cent  Increase  of  weight  of  the  sample  over  the  original  weight. 

The  test  results  are  listed  In  Table  1.  The  data  listed  In  this  table 
are  the  means  of  fours  measurements,  the  deviation  never  exceeding  10-15^- 

We  see  In  Table  1  that  the  corrosive  action  differs  for  various  ammonium 
salts,  depending  upon  the  nature  of  the  acid  constituting  the  salt. 

Inasmuch  as  this  Is  a  case  of  atmospheric  corrosion.  Its  velocity  will 
be  determined  by  the  thickness  of  the  liquid  adsorption  layer  on  the  surface 
of  the  metal  and  the  amount  of  vapor  and  gas  dissolved  In  It  [2].  In  this 
case  the  formation  of  the  liquid  adsorption  film  Is  the  same  for  every  salt 
tested  and,  hence,  the  thickness  of  the  layer  Is  likewise  the  same.  Hence, 
the  observed  difference  In  the  rate  of  corrosion  depends  solely  upon  the 
quantity  and  nature  of  the  vapors  and  gases  dissolved  In  the  liquid  adsorp¬ 
tion  layer.  These  vapors  and  gases  are  formed  in  the  reaction  space  as  a 


result  of  the  partial  decomposltloa  of  the  ammonlun  salts,  due  to  the  latter’s 
thermal  Instability.  Therefore,  the  corrosive  action  of  an  ammonium  salt  will. 
In  the  general  case,  vary  Inversely  with  Its  thermal  stability. 

The  natture  of  the  thermal  decomposition  of  ammonium  salts  Is  governed 
by  the  properties  of  the  resultant  acid  anion.  Its  volatility.  The  salts 
consltuted  by  nonvolatile  acids  tH2S04,  H3PO4I  yield  nothing  but  ammonia 
when  they  are  decomposed,  whereas  the  ammonium  salts  of  volatile  acids  [HCl, 
ggCOa]  yield  acid  vapors  In  addition.  That  Is  why  the  corrosive  action  of 
the  ammonium  salts  of  volatile  acids  Is  usually  much  greater  than  that  of 
salts  that  are  formed  from  nonvolatile  compounds.  This  Is  borne  out  by  the 
data  In  Table  2,  In  which  we  have  tabulated  the  corrosion  effect  of  various 
ammonium  salts  and  the  boiling  points  of  the  acids  that  form  these  salts. 

TABLE  1 

Corrosive  Action  of  Ammonium  Salts  upon  Copper  FowV,  e 
^  [12  hours  exposure;  temperature:  *^0 


Salt 

Grams  of 
Copper 

Ml? 

mK  ' 

Corrosion 

mc/g^'day 

“Chloride 

2.5 

53.2 

42.56 

2.12 

bromide 

2.5 

42.9 

34.03 

1.71 

Iodide 

2.5 

43.4 

34.72 

1.73 

fluoride 

2.5 

21.4 

17.12 

0-84 

Ammonium  A 

acetate 

2.5 

90  0 

72.00 

3.60 

nitrate 

2.5 

11.1 

8.88 

0.44 

carbonate 

2.5 

299.9 

239-12 

12.00 

sulfate 

2.5 

9.3 

7.44 

0.37 

_^blphosphate 

2.5 

14.6 

11.68 

0.58 

Table  2 

Variation  of  the  Corrosive  Action  of  Ammonium  Salts  with  the  Volatility 
of  the  Acids  Forming  these  Salts 


Phenomenon 

tested 

NH4CI 

NH4Br 

[NH412C03 

mg 

[HH4]2S04 

[NH4  12HP04 

i»  Corrosion 
Acid’s  b.p.,**C 

2  12 
-85 

1.71 

-68.7 

11.10 

-65 

0.44 

84 

0.57 
;;8  (1) 

0.58 

250(‘) 

S.p.of  a  99  3^  mixture. 


In  ammonium  salts  of  the  same  struct-ural  type  the  thermal  stability 
rises  with  an  Increase  In  the  strength  of  the  acid  of  which  the  salt  Is  a 
derivative. 

In  the  ^cld  series;  Hi — HBr — ffi:i — HF,  the  thermal  stability  diminishes 
from  Hi  to  HF  /3/-  This  woula  lead  one  to  exfvct  that  the  aggressive  action 
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of  these  salts  would  rise  In  the  same  sequence.  Ammonium  fluoride  exhibits  a 
discrepancy,  however,  due,  no  doubt,  to  the  fact  that  the  volatility  of  HF 
Is  lower  than  that  of  the  other  hydrohalides  (the  boiling  point  of  HF  Is  19.5*C 
and  that  of  hydrogen  chloride  Is  -85 *0. 

Thus,  the  volatility  of  the  acid  that  constitutes  the  anion  of  the 
ammonium  salt  Is  the  principal  factor  determining  the  corrosive  action  of 
ammonium  salts  upon  copper  powder. 

The  presence  of  water  vapor  promotes  the  decomposition  of  ammonium  salts. 
Apparently,  the  higher  the  per  cent  hydrolysis  of  a  given  salt,  the  more  active 
will  be  the  decomposing  effect  of  the  water.  The  per  cent  hydrolysis  of 
ammonium  carbonate,  for  example.  Is  80^,  and  Its  corrosive  action  Is  ll.lO^b 
whereas  the  per  cent  hydrolysis  of  eumonium  chloride  Is  0.l4^,  and  Its 
corrosive  action  2.12^. 

It  stands  to  reason  that  these  factor acid  volatility,  thermal 
stability  of  the  salts,  and  their  hydrolytic  cleavage>-do  not  exhaust  the 
diversity  and  complexity  of  the  phenomenon  discussed  here.  There  Is  no 
doubt  that  the  bygroscoplclty  of  the  salts  and  the  solubility  of  the  acid 
vapors  In  the  liquid  adsorption  film  are  likewise  essential  factors  that 
must  be  taken  Into  ekccount. 

SUKMARI 

It  has  been  shown  that  the  volatility  of  the  acid  constituting  the 
anion  of  a  salt  Is  the  principal  factor  affecting  the  corrosive  action  of 
the  salt. 
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THB  A3M03PHERIC  CORROSION  OP  COPPER  POWDER 


In  the  literature  of  the  past  few  years  atmospheric  corrosion  has 
been  considered  to  be  a  special  case  of  electrochemical  corrosion.  It 
being  assumed  that  the  corrosion  processes  take  place  beneath  a  film  of 
moisture,  at  the  boundary  between  the  metal  surface  and  the  liquid 
phase  [1]. 

The  temperature  range  of  atmospheric  corrosion  Is  ordinarily 
confined  to  the  region  In  which  water  exists  In  the  liquid  state.  .The 
corrosive  action  of  dry  vapors  and  gases  upon  metals  (chemical  corrosion] 

Is  held  to  be  possible  at  temperatures  that  are  much  higher  than  the 
boiling  point  of  water,  above  200*C  for  chlorine,  above  300*C  for 
hydrogen  chloride,  and  above  1^50-500•C  for  sulfur  dioxide  and  hydrogen 
sulfide  [2].  But  even  when  corrosion  occurs  In  an  atmosphere  of  dry 
vapors  and  gases  (such  as  hydrogen  sulfide).  It  Is  usually  stated  that 
the  process  also  Involves  the  action  of  moisture  formed  during  the 
action  of  the  aggressor  upon  the  metal  or  upon  the  latter's  oxide  film. 

Thus,  the  presence  of  moisture  *ls  considered  to  be  an  Indispensable 
condition  for  atmospheric  corrosion. 

In  Klstyakovsky's  film  theory,  atmospheric  corrosion  Is  regarded  as 
a  region  In  between  purely  chemical  and  electrochemical  corrosion.  The 
corrosion  process  Is  divided  Into  three  periods: 

1)  The  reaction  of  the  metal  with  moist  oxygen,  giving  rise  to 
films  of  metallic  oxides. 

2)  Solldatlon  of  the  films  (coagulation,  formation  of  crystallites). 

3)  Sorption  of  gases,  condensation  of  liquids,  and  colloldo- 

electrochemical  processes.  ^  ^  • 

The  rupture  of  the  Initial,  film  (the  appearance  of  solldatlon  centers) 
may  be  produced  by  particles  suspended  In  the  air,  by  vapors,  and  by  gases. 

It  Is  readily  seen  that  a  decisive  role  Is  assigned  to  the  Influence  of  water 
In  this  theory,  too,  though  the  process  of  corrosion  as  a  whole  Is  not 
reduced  solely  to  the  electrochemical  reactions  that  occur  at  the  boundary 
between  the  metal  surface  and  the  film  of  moisture.  -  . 

Research  on  the  corrosion  of  metal  powders,  in  which  atmospheric 
corrosion  Is  of  a  specific  nature,  while  some  of  Its  aspects  are  shown  In 
greater  relief  than  In  dense  metals,  enables  us  to  examine  the  mechanism 
involved  In  atmospheric  corrosion  more  closely. 

The  previous  corrosion  tests  of  copper  powder  In  various  aggressive 
gases  have  shown  that  moisture  Is  the  basic  factor  governing  the  corrosion 
process  [4].  In  view  of  this,  we  have  developed  a  novel  method  of 
stabilizing  copper  powders  against  corrosion.  Involving  the  hydrophoblzatlon 
of  the  surface  of  the  metal  particles  (5). 

ihe  formation  of  chemisorbed  hydrophobic  films  prevents  the  adsorption 
of  water  vapor  at  the  surface  of  the  metal  particles,  thus  completely  ellmln* 


*»■■*  *»  **  ^  -  -  -  •  '"*•*••  *  -■  'tdii 


atlng  anj  posalbilitj  of  the  formation  of  liquid  adsorbed  films  of  moisture 
on  these  particles. 

nils  Increases  the  anticorrosion  properties  of  the  metal  powder  several 
hundred  per  cent;  It  Increased  50  bo  70  times,  for  Instance,  In  carbon 
dioxide  saturated  with  water  vapor  at  UO*.  This  high  resistance  to 
atmospheric  corrosion  Is  understandable.  Inasmuch  as  electrochemical  reactions 
ceicnot  occur  in  the  stabilized  powders. 

The  present  research  Is  an  endeavour  to  make  a  comparative  study  of 
the  corrosion  behavior  of  hydrophoblzed  and  ordinary  copper  powder. 


EXFSRIMEIITAL^ 


nie  method  used  In  the  corrosion  tests  was  basically  the  seune  as  the 
one  employed  previously  [4],  To  ensure  that  the  conditions  were  Identical 
In  the  tests,  two  samples  of  powder,  one  hydrophoblzed  and  the  other  the 
ordinary  powder,  were  placed  In  each  desslcator.  The  tests  were  run  In 
atmospheres  of  hydrogen  sulfide,  hydrogen  chloride,  annaonla  and  carbon 
dioxide.  The  gases  were  dehydrated  by  passing  them  through  bottles  filled 
with  calcium  chloride  and  sulfuric  acid,  bottles  containing  soda  lime  being 
added  In  some  Instances.  The  same  amount  of  test  gas  was  used  In  filling 
the  desiccators  every  time,  and  the  same  procedure  was  followed.  Copper 
powder  produced  Industrially  was  employed  in  the  tests,  the  extent  of 
corrosion  being  determined  by  the  gain  In  weight. 

The  test  results  are  shown  In  Tables  1  and  2. 


'tABLB  I 

Corrosion  of  Copper  Powder  In  Atmospheres  of  Hydrogen 
Sulfide  and  Carbon  Dioxide 
(Exposure  8  hours;  temperature;  40  +  1*C. 


Corros 

ion  atmosphere 

Hydroff.11  sulfide 

Carbon  dioxide 

Kind  of 
powder 

Anhydrous 

Satu¬ 

rated 

with 

water 

vapor 

Anhydrous 

/ 

Satu¬ 

rated 

with 

water 

vapor 

Water 

vapor 

Ordinary. . . 

7.72 

28.22 

0.05 

0.72 

0.33 

Hydrophoblzed 

4.21 

6.56 

0.05 

0.04 

0.002 

^ote.  The  gain  In  weight  Is  expressed  as  per  cent  of 
the  original  weight  In  Table  1  and  the  following 
tables. 


As  we  see  In 
Tables  1  and  2,  the 
hydrophoblzed  powders 
resist  corrosion  much 
better  than  do  the 
ordlnaiy  powders  in  every 
instance.  The  corrosion 
of  ordinary  copper  powder 
Increases  substantially 
in  a  moist  atmosphere  of 
hydrogen  sulfide  or  car¬ 
bon  dioxide,  whereas 
It  either  does  not 
change  at  all  (in  CO2) 
or  changes  negligibly 
(in  H2S)  In  the  case  of 
the  hydrophoblzed  metal. 
Tiie  copper  powder  behaved 
anomalously  in  the 
hydrogen  chloride 


atmosphere.  The  metal  corrosion  Is  greater  in  the  anhydrous  gas  than  when  water 
vapor  Is  present.  We  shall  return  to  an  explanation  of  this  anomaly  later  on. 

The  laboratory  assistants ~T.  A.  Tkachenko  and  K.  V.  Mityshina  assisted  in 
the  experimental  work. 
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TABI2  2 

Corrosion  of  Copper  Povder  in  Atmospheres 
of  ^ydrogen  Chloride  And  Ammonia 
(Exi>osure:  4  hours;  temperature:  40*C) 


Conroalon  atmosphere 


Hydrogen 

rhlorlde 

Anhydrous 

Saturated 

with 

water 

vapor 

Ammonia 

3.01 

2.09 

4.00 

1.90 

1.02 

0.73 

Kind  of 
powder 


Ordlnarj  I  3*01  1 2.09  I  4.00 

^ydrophohlzed  I  I.90  |l.02  |  0.73 

Hote.  The  ammonia  atmosphere  was  prodticed 
by  placing  a  beaker  containing  a  23^ 
solution  of  cumnonla  In  the  defecator. 

•  TABLE  3 

Corrosion  of  Copper  Powder  In  an  Atmosphere  of 
Hydrogen  Sulfide  as  a  Punctlon  of  the  Exposure 
Time 

,  (Temperature:  ♦  I6  >  2*C) 


Test 

Ho. 

Kind  of 
powder 

Corrosion 

atmosphere 

Exposure, 

hours 

24  1  48  1  264“ 

Ordinary 


Hydrophoblzed  L  sulfide  LI  6.5  6.9  15»2  As  we  know,  metal  powders 

-  r  r|-,a  0,0-1  nn  r\  that  have  been  stabilized  with 

Ordinary  1  Hydrogen  llo.o  lo.l  20.0  ^ 

'  1  .V  O  I  soap  cannot  be  wetted  with 

<  sulfide  ^I  *  -1-.  « 

..  water  at  all.  But  even  more 

Hydrophoblzed c  saturated  C  12,2  10.0  17-6  t  ^ 

^  vp  Interesting  were  the  results 

wizn  water  i  secured  In  tests  of  the 

vapor  I  wettability  of  samples  that  had 

Ordinary  ^  Hydrogen  —  20.6  —  been  tested  for  corrosion.  It 

*  sulfide  was  found  that  copper  powders 

I  Hydrophoblzed  saturated  —  12,2  —  that  had  been  first 

with  water  1  hydrophobozed  were  not  wetted 

<  vapor,  anal  by  water  even  after  prolonged 

water  sat-!  atmospheric  corrosion. 

urated  wlthj  noted  that  the 

1 1  powder  samples  caked  after  the 

U  *  U  corrosion  tests,  the  ordinary 

powders  caking  more  than  the 

hydrophoblzed  ones.  The  caking  of  unhydrophcblzed  powders  was  particularly  marked 

when  water  vapor  was  present.  But  when  corrosion  was  ceurrled  out  In  a  moist 

atmosphere  at  higher  temperatures  (90'’C),  the  corroded  powder  samples  caked 

-much  less  than  at  lower  temperatures. 

•  •  ••  •  . 

Ho  difference  was  found  in  the  degree  of  caking  of  ordinary  and 

hydrophoblzed  powders  at  these  high  temperatures,  however.  Hence,  water  has 


Anhydrous 

hydrogen 

sulfide 


l6.1  16.2 


We  then  ran  corrosion  tests  of 
the  powder  In  hydrogen  sulfide  for 
longer  periods  of  time,  the  results 
being  tabulated  In  Table.  3. 

Apparently  most  of  the 
unhydrophoblzed  copper  Is  corroded 
at  once  during  the  Initial  period, 
the  corrosion  penetrating  deeper 
Into  the  sample  during  the  rest  of 
the  process.  Table  3  likewise 
shows  that  hydrophoblzed  copper  Is 
corroded  much  more  slowly  than  the 
ordinary  copper,  but  corrosion 
Increases  with  time  In  this  case, 
however.  The  concentration  of  gas 
In  the  reaction  space  Is  of  basic 
Importance.  In  Tests  3  and  6 
(Table  3),  for  example,  we  placed 
beakers  of  water  that  had  first  been 
saturated  with  hydrogen  sulfide 
In  the  desiccators,  while 
beakers  containing  ordinary 
distilled  water  were  used  In 
Tests  3  nud  4.  This  caused  a 
__  decrease  in  the  gas  concentra¬ 

tion,  due  to  the  partial 
_  absorption  of  the  hydrogen 

_  sulfide  by  the  water.  In  Tests 
3  and  4,  so  that  the  extent  of 
corrosion  fell. 


sulfide  L  6.3  6.9  15.2 

Hydrogen  ^  l8,8  18.I  20.0 
sulfide  ^ 


2.2  10. 


Ordinary 

Hydrophoblzed 


sulfide  ^  I 
saturated 
with  water  I 
vapor  I 

Hydrogen  — - 

sulfide 

saturated  — • 

with  water  1 
vapor,  anal 
water  sat- I ^ 
virated  wlthj 
hydrogen  I 
sulfide  1 1 


hydrophoblzed  ones. 
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a  marked  effect  upon  caking  at  ordinary  processes,  apparently  promoting  closer 
contact  and  bonds  between  the  metal  particles. 

The  corrosion  tests  of  hydrophoblzed  copper  powder  In  hydrogen  sulfide, 
hydrogen  chloride,  and  ammonia  are  Indubitable  evidence  of  the  presence  of 
atmospheric  corrosion  even  wl  ?n  there  Is  no  film  of  moisture  on  the  surface 
of  the  highly  dispersed  metal  particles.  Appeurently,  the  corrosion  process 
is  the  result  of  direct  chemical  action  of  the  gases  and  vapors  with  the 
metal's  surface. 

The  higher  corrosion  of  ordinary  copper  powder  than  that  of  the 
hydrophoblzed  powder  In  anhydrous  hydrogen  sulfide  may  be  explained  as  follows: 
first,  the  entire  surface  of  the  particles  Is  accessible  to  the  action  of  the 
gas  In  unprotected  powders,  whereas  the  gas  must  overcome  a  certain  reslsteuice 
of  the  protective  film  to  get  into  direct  contact  with  the  metal  when  the 
metal  surface  Is  covered  with  hydrophobic  films;  second,  the  water  formed  in 
the  reaction  of  hydrogen  sulfide  with  the  metal  will  be  adsorbed  at  an 
ordinary  powder,  thus  promoting  the  rise  of  electrochemical  corrosion,  la 
addition  to  the  chemical  corrosion.  It  Is  a  matter  of  course  that  this  cannot 
happen  In  hydrophoblzed  powders.  The  seme  holds  true  In  an  even  greater  degree 
when  the  reaction  space  Is  saturated  with  water  vapor,  the  corrosion  of  the 
unhydrophoblzed  metal  Increasing  very  sharply  In  this  latter  case.  Then  a  film 
of  moisture  Is  formed  on  the  surface  not  only  because  of  the  chemical  reaction 
between  the  hydrogen  sulfide  and  the  metal,  but  also  as  the  result  of 
adsorption  and  capillary  condensation  of  the  water  on  the  highly  dispersed 
metal  particles.  It  is  quite  understandable  that  then  the  chemical  corrosion 
Is  supplemented  by  extremely  Intense  electrochemical  corrosion. 

As  we  see  from  the  exx>erlmental  data,  the  corrosion  of  hydrophoblzed 
copper  powder  either  is  wholly  unaffected  under  these  conditions  or  changes 
very  negligibly.  A  certain  Increase  In  the  corrosion  of  hydrophoblzed  metal 
powders  In  the  presence  of  water  vapor  Is  attributable  to  the  disintegrating 
effect  of  the  vapor  on  the  film  formed  by  the  products  of  the  metal's  reaction 
with  the  hydrogen  sulfide.  The  lower  corrosion  of  copper  powder  In  hydrogen 
chloride  saturated  with  water  vapor  than  in  the  anhydrous  gas  Is  due  to  the 
decrease  in  the  concentration  of  the  aggressive  gas  caused  by  Its  partial 
absorption  In  the  water. 

SUMMARY 

1.  It  has  been  shown  that  atmospheric  corrosion  can  take  place  In 
hydrophoblzed  copper  even  when  there  is  no  film  of  moisture  on  the  surface 
being  corroded.  In  this  connection  it  is  asserted  that  the  unqualified  view 
of  atmospheric  corrosion  as  a  special  case  of  electrochemical  corrosion  Is 
false. 

2.  At  temperatures  at  which  water  Is  a  liquid  purely  chemical— gaseous— 
corrosion  also  plays  an  Important  part,  alongside  electrochemical  corrosion. 
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THE  THERMAL  CHLaRIHAnO!f  OF  NORMAT.  mrPAWg 


B.  A.  &eiit8el  and  H.'  A.  Pokotllo 


Science  la  Indelited  to  the  researches  of  Russian  chemists  for  the  theoretical 
foundations  of  the  chlorination  of  paraffin  hydrocarbons.  The  major  patterns  ' 
of  behavior  in  the  chlorination  of  the  paraffins  vere  explored  In  the  well- 
known  paper  by  Markomnlkov  [1],  dealing  with  the  reciprocal  Influences  between 
atoms  In  a  molecule  of  an  organic  compound.  The  rules  discovered  by 
Markovnlkov  for  the  substitution  of  chlorine  for  hydrogen  atoms  In  a  paraffin 
atm  hold  In  the  exploration  of  the  chlorination  reactions  of  hydroceurbons. 

The  chlorination  of  the  peirafflns  has  been  studied  In  detail  by  Semenov  [2], 
who  demonstrated  that  this  Is  a  chain  process  and  elaborated  the  theoretical 
vlewa  of  chlorlnatloa  reactions  In  the  light  of  modern  concepts  in  the  theory 
of  free  radicals. 

Humerous  papers  and  patents  have  appeared  since  then  on  the  experimental 
study  of  the  chlorination  of  the  paraffins,  dealing  with  the  thermal, 
catalytic,  and  photochemical  chlorination  of  hydrocarbons  [3).  These 
publications  contain  only  brief  references  to  the  results  of  chlorinating 
n-butane  [4],  on  which,  no  systematic  research  has  been  done.  And  yet  the 
chlorination  of  butane  Is  of  theoretical  as  well  as  practical  Interest,  since 
the  monochloro  derivatives  of  butane  ^e  very  Important  In  organic  synthesis 
as  Intermediates  for  the  production  of  many  individual  hydrocarbons  [5]. 

In  the  present  research  we  had  as  our  objective  an  Investigation  of  the 
conditions  governing  the  thermal  chlorination  of  n-butane  to  monochlorobutanes. 

EXPERIMEHTAL^ 

■  '  I  '  — 

The  raw  material  we  used  was  n-butane,  prepared  by  rectifying  a  technical 
butane-lsobutsne  mixture.  Analysis  in  a  Podblelniak  column  of  the  n— butane 
thus  prepared  Indicated  t^t  ^t  contained  9S”98*5^^  oT  ^butane,  the  impurity 
being  a  negligible* quantity  of  Isobutane. 

The  chlorine  was  secured  In  cylinders  of  liquid  chlorine,  99-8^  pure. 

The  butane  was  chlorinated  in  a  circulating  system. 

From  a  gasholder  the  butane  passed  through  a  scrubber  containing  a  sodium 
hydroxide  solution,  a  drying  column  filled  with  calcined  calcium  chloride,  and 
a  flowmeter  to  the  mixer.  The  mixer  was  painted  black  and  protected  by  a 
black  screen  against  direct  light.  The  gaseous  chlorine  entered  the  mixer 
through  a  glass  tube  from  the  cylinder,  via  a  Tishchenko  bottle  filled  with 
sulfuric  acid  and  a  flowmeter.  The  amounts  of  hydrocarbon  and  chloride 
entering  the  mixer  were  regulated  by  appropriate  stopcocks  according  to  the 
flowmeter  readings. 

From  the  mixer  the  reaction  mixture  traveled  to  the  reaction  tube  of  Pyrex 
filled  with  broken  pieces  of  glass  tubing.  The  reaction  tube  was  placed  in  an 
electric  furnace  equipped  with  a  thermoregulator,  which  made  it  possible  to 
keep  the  temperature  constant  with  >5*  In  the  reaction  zone.  The  diameter  of 
The  laboratory  assistant  A.  C.  Popova  took  part  in  the  experimental  work 
for  this  report.. 
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the  tube  was  28  Its  Yolume  totaling,  332  ml*  From  the  reaction  tube  the 
reaction  products  entered  a  special  trap,  placed  In  a  cooler  chilled  wlth^ 
running  water,  from  which  they  passed  to  an  auxiliary  trap  of  the  coll  type, 
located  In  a  vessel  filled  with  a  freezing  mixture  (temperatures  of  0  to  -10* ). 
The  butyl  chlorides  condensed  In  these  traps,  especially  In  the  first  one  In 
lliie,  the  unreacted  butane  and  the  hydrogen  chloride  formed  In  the  reaction 
passing  through  an  Intermediate  vessel  into  two  absorbers  In  series,  filled 
with  water  to  absorb  the  hydrogen  chloride.  FTom  these  absorbers  the  butane, 
freed  of  Its  hydrogen  chloride,  passed  through  a  control  washer,  filled  with 
^i/ater  and  containing  methylorange,  to  check  on  whether  all  the  hydrogen  chloride 
had  been  scrubbed  out  of  the  gas, and  then  into  a  coll  trap  Immersed  In  a 
Dewar  flask  containing  liquid  air.  Almost  all  the  butanb  condensed  In  this 
trap,  the  negligible  quantity  of  untrapped  butane  and  the  inert  gases  being 
collected  In  a  gasholder.  After  the  run  was  over  the  butane  was  evaporated 
from  the  trap  Into  a  separate  gasometer,  where  the  amount  of  unreacted  butane 
was  measured,  the  measured  figure  later  being  corrected  according  to  the 
analysis  of  the  gas. 

!nie  liquid  chlorination  products  collected  In  the  traps  were  transferred 
to  a  separatory  funnel  and  washed  with  water  until  their  reaction  was  neutral. 
The  wash  waters  were  combined  and  added  to  the  water  from  the  hydrogen-chloride 
absorbers.  The  amount  of  hydrogen  chloride  evolved  during  the  chlorination 
of  n-butane  was  then  determined  by  titrating  these  waters.  The  neutralized 
product  was  dried  above  calcium  chloride  and  then  fractionated. into  a  glass- 
packed  column  with  an  efficiency  of  l6  theoretical  plates.  This  fractionation 
Indicated  the  amount  of  monochlorides  produced. 

The  percentage  of  butane  In  the  waste  gases  was  determined  by  combustion, 
the  percentage  of  unsaturated  hydrocarbons  being  determined  by  the  customary 
sulfuric -acid  method  in  the  apparatus  designed  by  the  All-Union  Institute  of 
Heat  Engineering.  Two  Tishchenko  bottles,  filled  with  a  20^  aqueous  solution 
of  potassium  iodide  and  chilled  with  ice,  were  Inserted  in  the  line  ahead  of 
the  absorbers  in  a  series  of  tests  designed  to  determined  the  optimum  reaction 
temperature.  After  each  run  was  over,  the  amount  of  free  iodine  evolved  was 
determined  by  titration  with  a  hyposulfite  solution,  the  per  cent  of  chlorine 
conversion  being  calculated  from  the  iodine  recovered. 

The  principal  process  variables  in  chlorination  are  the  temperature  in  the 
reaction  zone,  the  chlorine-butane  ratio,  and  the  space  velocity  of  the 
reacting  gases,  i.e. ,  the  liters  of  gas  per  liter  of  reaction  space. 

Variation  of  the  chlorine  utilization  factor  with  temperature.  The 
experiments  to  determine  how  the  chlorine  utilization  factor  varied  with 
temperature  were  run  in  a  tube  that  was  first  empty  and  then  filled  with  bits 
of  broken  glass  tubing.  The  tube  was  filled  in  order  to  ensure  a  more  uniform 
distribution  of  heat  throughout  the  reaction  space  [6],  The  tests  were  made 
with  three  to  four  times  the  amount  of  butane  required  and  at  a  space  velocity 
of  the  reacting  gases  approximating  70. 

The  results  of  this  test  series  are  listed  in  Table  1  and  shown  as  curves 
In  the  figure. 

As  we  see  from  the  tabulated  figures,  100^  utilization  of  the  chlorine  is 
attained  at  temperatures  approaching  300"  •  The  fact  that  the  reaction  sets 
in  at  a  lower  temperature  in  the  reaction  tube  filled  with  bits  of  glasa  tubing, 
with  the  per  cent  conversion  of  chlorine  remaining  higher  in  that  tube  than 
in  the  empty  reactor  up  to  a  certain  temperature  (about  25O*),  Is  extremely 
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Interesting.  Above  this  transitional  temperature  the  chlorine  utilization 
factor  becomes  higher  in  the  empty  reaction  tube  than  in  the  filled,  one, 
thoii^  100^  conversion  of  the  chlorine  is  reeiched  at  300*  in  both  reaction 
tubes. 


,  These  observations  lead  us  to  assume  that 

^ process  is  heterogeneous  at  temperatures 
gc  •  below  250* ,  turning  into  a  homogeneous 

•  t# .  '  /  process  at  higher  temperatures. 

J  Thus,  n-butane  must  be  chlorinated  at 

.  ^ J  300*  to  secure  lOO^t  conversion  of  the 

^  chlorine,  and  this  was  the  temperature 

•  )  employed  in  our  subsequent  experiments. 

^  Chlorine-butane  ratio  in  the  initial 

ia?  '  ijaS  mixture,  space  velocity  of  the  reacting  gases, 

and  ponochlorlde  yield.  As  we  have  stated 
Variation  of  the  chlorine  above,  the  literature  indicates  that  the 

utilization  factor  with  chlorine-butane  ratio  is  the  decisive  process 

temperature.  variable  in  the  formation  of  monochloro 

a)  Chlorine  utilization  derivatives  in  the  chlorination  of  the  parafflnSj 

factor,  per  cent;  B)  an  Increase  in  the  excess  of  the  hydrocarboc. 

temperature,  *C.  tending  to  raise  the  percentage  of  monochloro 

1)  Empty  tube;  2)  tube  derivatives.  Accordingly,  we  chlorinated  normal 

filled  with  bits  of  glass  butane,  using  a  substantial  excess  of  the 

tubing.  hydrocarbon  in  an  effort  to  secure  the  maximum 

percentage  of  monochlorobutanes.  We  ran  a 
series  of  tests  of  the  effect  of  the  excess  of  butane  upon  the  yield  of  the 
monochlorides  at  3OO*  aud  at  a  space  velocity  of  12-15 .  The  results  of  these 
tests  are  tabulated  in  Table  2. 

The  results  of  these  tests  show  that  a  100^  yield  of  monochlor:  derivatives 
cannot  be  achieved  under  these  conditions,  while  a  substantial  excess  of  butane 
must  be  maintained  in  the  reaction  mixture  to  secure  an  83^  yield  of 
monochlorides,  making  the  per  cent  conversion  of  the  butane  extremely  low; 
moreover,  there  is  a  perceptible  entraining  of  the  reaction  products  with  the 
unreacted  butane. 

In  the  light  of  this,  we  explored  TABLE  1 

the  feasibility  of  raising  the  yield  of 
monochlorides  by  increasing  the  space 
velocity  of  the  reacting  gases.  The 
results  of  this  series  of  tests  are 
given  in  Table  3« 

These  results  indicate  that  a 
100^  yield  of  monochloro  derivatives 
cannot  be  achieved  by  merely  increas¬ 
ing  the  space  velocity  within  the 
limits  we  have  explored,  the  secur¬ 
ing  of  this  yield  requiring  a  certain 
excess  of  the  hydrocarbon,  totaling 
about  4.5  for  space  velocities  of  32 
and  above,  which  Is  equivalent  to 

approximately  22-23^  conversion  of  butane  per  single  pass.  At  a  maximum  space 
velocity  of  5OO-53O,  the  yield  of  monochlor  ides  exceeded  3(X)0  grams  per  hour 
per  liter  of  reaction  space. 


Chlorine  Utilization  Factor  as  a 
Function  of  Temperature. 


Temp.  IChlorine 
Tube  empty 

Temp,  i Chlorine 
Tube  filled 

225 

0.0 

220 

<  1.0 

240 

7.5 

230 

12.4 

245 

15.3  . 

240 

24.5 

250 

17.5 

250 

55.5 

260 

94.0 

260 

70.0 

270 

99.7 

270 

85.5 

300 

100.0 

300 

100.0 

TABLE  2 

Variation  of  the  Yield  of  Moaochloro 
Derivatives  with  the  Excess  of  Butane 


TABLE  3 

Yield  of  Mocochlorides  as  a  Function  of 
the  Excess  of  Butane  and  the  Space 
Velocit 


Conversion 

Monochloride 

Test 

of  butane. 

yield. 

Ho. 

in  ^  of 

%  of  total 

throughput 

chlorides 

Molar 

excess 

of 

butane 


Moaochlorlde 

yield, 

^  of  total 
chlorides 


181. 

500. 

Iv3a  1530.0  I  3-5 


Complete  utilization  of  the  chlorine  was  observed  In  all  the  tests,  the 
waste  gases  containing  no  unsaturated  compoiuads  In  the  runs  using  a  four-  or 
fivefold  excess  of  butane. 

Composition  of  the  liquid  chlorination  products.  Two  isomers  of 
1-chlorobutane  must  be  expected  during  the  chlorination  of  _n-bijtane  and  the 
resulting  formation  of  monochlorobutanes.  The  proportions  of  these  Isomers  were 
determined  by  double  fractionation  of  the  monochlcrldes  Into  a  column  such  as 
described  above,  which  yleldei  the  following  percentages  of  fractions:  1  ”  3-9^J 
Fraction  2  \S7.3^9^ )’  59.6^;  and  Fraction  5(73-76-5*  )5  35*5^- 

The  mixture  was  fractionated  at  750  nm  Eg.  The  fractions  had  the  following 
refractive  Indexes: 


Fraction  2 
Fraction  3 


Befractlve  Index 
_ 

1.3953 

1.3994 


Refractive  Index 
of  the  monochlorobutanes 
according  to  the  llteratu 

cf  2-chlorobutane  -  1.39 

n]5^  of  l-chlorobo»tane  =  l.UO 


The  discrepancy  between  the  refractive  irdexes  for  1 -chlcrotutane  Is  due  to 
the  Inadequate  efficiency  of  the  rectifying  column.  Hence,  approximate  ratio  of 
the  primary  normal  and  the  secondary  chlorides  is  59*6:36  5  =  1.64:1. 

In  the  experiments  run  with  an  excess  of  butane  below  450^,  the  percentage 
of  chlorine  was  determined  hy  the  Carlus  method  In  the  monochlcrldes  and  In  the 
residue  left  after  the  distillation  of  the  mrnochlorldes,  the  results  being  as 
fcllrvs: 
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Dlchlorobutanes,  from  the  appropriate  formula  57«5 

Pound  In  the  residues  after  distillation  of 

the  monochlorldes:  ,  ' 

Sample  1  ^.3  ‘ 

Sample  2 

Monochlorohutanes,  from  the  appropriate  formula  3Q»3 

Found  In  the  monochlorldes: 

Sample  1  37.5O 

Sample  2  37.^3 

These  results  Indicate  that  In  those  tests  In  which  the  chlorination 
Xuroducts  contained  chlorides  whose  boiling  points  were  higher  than  those  of  the 
monochlorldes  the  residue  consisted  of  dlchlorobutanes. 

Utilization  of  catalysts  In  the  chlorination  of  butane.  We  ran  tests  of  the 
use  of  catalysts  to  lower  the  chlorination  temperature  and  to  determine  the  effect 
of  catalysts  upon  the  yield  of  monochlorobutanes. 

The  following  catalysts  were  tested:  activated  charcoal;  activated  charcoal 
Impregnated  with  a  solution  of  cupric  chloride  (5,  10,  and  15^  of  the  charcoal  by 
weight);  and  an  aluminosilicate:  askarlte,  likewise  Impregnated  with  a  cupric 
chloride  solution.  The  n-butane  was  chlorinated  urler  the  same  conditions  as  those 
used  In  the  foregoing  tests.  As  the  tests  showed,  these  catalysts  did  not  lower 
the  chlorination  temperature,  while  the  complete  utilization  of  the  chlorine  was 
achieved  at  30C*,  exactly  as  In  purely  thermal  chlorination.  The  products 
obtained  when  n-butane  was  chlorinated' with  the  catalysts  specified  consisted 
entirely  of  dlchlorobutanes,  no  attempt  having  been  made  to  determine  the  propor¬ 
tions  of  the  various  Isomers  In  the  reaction  products.  These  results  substantiate 
the  feasibility  of  utilizing  a  catalyst  with  a  highly  developed  surface  to  secure 
more  highly  chlorinated  products  In  the  chlorination  of  the  paraffins. 

Chlorination  of  propane.  Since  technical  n-butane  often  contains  some 
propane,  we  were  interested  in  testing  the  chlorination  of  propane  under  the  same 
conditions  as  those  chosen  for  our  chlorination  of  butane.  The  raw  material  we 
used  was  the  propane  fraction  of  the  cracking  gas  produced  In  one  of  the  cracking 
plants,  containing  86. 5^  propane,  12^  propylene,  and  1.5^  C02-*-H2S.  The  gas  was 
washed  with  a  rapid  current  of  concentrated  sulfuric  acid  and  then  with  a  20^ 
solution  of  sodium  hydroxide  before  being  chlorinated  to  free  it  of  the  unsaturated 
compounds  and  the  hydrogen  sulfide.  With  this  exception  the  experimental  procedure 
was  the  same  as  that  used  for  the  chlorination  of  the  butane.  A  98^^  utilization  of 
the  chlorine  was  secured  at  a  temperature  of  300*#  a  45O  to  500^  molar  excess  of 
propane,  and  a  space  velocity  of  about  100.  The  chlorination  products  were  a 
mixture  of  normal  propyl  chloride  and  isopropyl  chloride;  we  did  not  try  to* 


chlorlnatloa  temperature,  buw  does  not  lever  the  temperature  at  which  all  -the 
chlorine  Is  utilized. 

2.  The  chlorination  products  consist  entirely  of  monochlorldes  when  the 
space  velocity  of  the  reacting  gases  ranges  from  32  to  500  and  when  the  molar 
excess  of  the  butane  Is  ^50^  and  higher.  The  yield  of  monochlorldes  does  not 
exceed  80^  when  a  smaller  excess  of  the  hydrocarbon  Is  employed. 

3.  The  hlgh-bolllng  products  formed  when  butane  Is  chlorlr^ted  with  an 
Insufficient  excess  of  the  hydrocarbon  are  dlchlorobutanes,  which  were  not 
analysed. 

4.  The  monpchlorldes  consist  of  l-chlorobutane  and  2-chlorobutane  In  the 
proportions  of  1:1.64,  respectively. 

5.  The  use  of  catalysts  such  as  activated  charcoal  and  askanlte,  either  pure 
or  Impregnated  with  cupric  chloride,  results  In  a  100^  yield  of  dlchlorobutanes. 

6.  Propane  Is  successfully  chlorinated  under  the  conditions  worked  out  for 
the  chlorination  of  n-butane,  yielding  a  mixture  of  normal  propyl  chloride  and 
Isopropyl  chloride. 

In  conclusion,  we  wish  to  express  our  profound  gratitude  to  Academician  S.S. 
Kacetkln  and  to  A.L.Eglln  for  their  Invaluable  advice  and  unflagging  Interest  In 
our  research. 
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Data  on  the  problem  of  the  mutual  Interactions  between 
atoms  In  chemical  compounds  (1869) « 


^)  See  Consultants  Bureau  English  Translation,  p  221. 


POTEBTICMETRIC  IN^DSIIGAr  IONS  OF  CJHlAMMONru^!  CELL:*t-:3E  S 


M.  I.  Arkhipov  and  V.  P.  Kharltocova 

ihetlc  Fibers,  Ivanovo  Institute  of  Chemical  Engineering 


In  one  of  our  preceding  papers  [1]  we  stated  that  the  problem  of  the  r.at-re  of 
the  bond  between  copper  and  cellulose  In  the  copper -cellulcsa-  ccmcound  formed  In  a 
cuprammonluc:  solutlcn  Is  still  unsolved,  notwithstanding  the  large  t-nber  of  research 
papers  dealing  with  cuprcunmonlum  cellulose  solutions. 

We  atm  do  tot  know  exactly  whether  the  compo'.uid  of  copper  with  cellulose  and 
other  polyhydroxyl  compounds  Involves  tne  ordinary  chemical  bc-.ds,  yielding  compounds 
of  the  alccholate  type,  cr  coordination  bonis  between  copper  ati  the  cellulose,  cr 
hydrogen  bonds,  j'leldlng  a  molecular  coa^^ound. 

Opinions  differ  as  to  the  nature  of  the  bond  between  ccpr,er  and  cellulose  in 
a  copper -cellulose  compound  [2,3]. 

There  is  as  yet  no  informat Icn  In  the  literature  on  potentlcmetrlc  Investiga¬ 
tions  of  the  process  of  dissolving  cellulose  or  other  polyhydrcxyl  compounds  In  a 
cupr ammonium  solution. 

Our  potentlcmetrlc  Investigations  had  as  their  objective  a  study  of  the  re¬ 
action  between  the  cuprammonlinn  base  and  polyhydroxyL  compounds,  including  cellulose 
and  particularly  the  nature  of  the  copper -cellulose  bond. 

We  reasoned  as  follows:  If  the  reaction  between  the  cuprammcclum  base  and  the 
polyhydroxy,  compounds  entails  the  formation  of  a  compound  that  Involves  ordinary 
chemical  bonds  cr  hydrogen  bonds,  the  concentration  of  CH  ions  ought  to  decrease 
substantially,  vheri.*as  if  the  copper  compounds  formed  entail  cccrilnation  bonds,  the 
concentration  of  OH  bonds  ought  net  to  manifest  any  appreciable  charge.  As  we  had 
thought,  these  investigations  definitely  indicate  that  the  chemical  reaction 
Involves  a  decrease  In  the  concentration  of  OE  ions,  l.e, ,  the  formaticn  of  an 
•ilcoholate-llke  cojpeund  cr  a  compound  of  the  molecular  type,  but  net  the  formation 
of  a  compound  as  the  res’ult  of  coordination  of  the  ceiluxose  and  the  otner  pclyny- 
iroxyi  compo.-nis  with  the  copper  atc.m  Into  a  cemplex  cation. 


•esyrln?  the  rH.  W-  eaployed  a  vacuum 
ammonia  and  cutrammcnlum  solutions. 


Method  c 


‘dlr.arliy  employed  for  this  purpose 
.redes  were  filled  with  mercory  tr^t 
■cmlc  acid  mlxtiire,  washed  with 
a  O.Ui  solution  oi  HCl  for  10  to 


.tlcns,  the  electrodes  were  washei 
evlously  been  determined  with  a 
eyed  had  the  foliovlng  p5  values 


Ing  the  pH  of  the  test  sol 
r  solutions  whose  pH  had  p: 
The  buffer  solutions  emp 


9.95#  10.70,  11. U9,  11.78,  12.03’,  12.70,  and  12.98.  A  Weston  cell  was  used  aa  the 
standard  cell. 

A  calomel  electrode  was  coupled  with  the  glass  electrode  as  a  half-cell. 

Ptellmlnary  measurements  of  the  pH  of  cuprammonlum  solutions  Indicated  tl.at  a 
glass  electrode  ceases  to  react  normally  to  changes  In  the  concentration  of  OH  lc*.8 
at  HH3  concentrations  In  a  highly  alkaline  medium.  The  linear  Tarlatlo%  of  the 

glass-electrode  potential  with  the  solution  pH  no  longer  applies,  the  straight 
line  representing  the  potential  as  a  function  of  the  concentration  of  OH  lens 
diverging  towards  the  axis  of  abscissas  at  a  pH  ^12.8. 

Hence,  It  Is  Impossible  to  measure  the  pH  very  accurately  with  a  glass  electrode 
of  ordinary  glass  at  hl£^  concentrations  of  ammonia  and  copper  In  ac^ueous 
ammonia  and  cuprammonlum  solutions. 

We  therefore  succeeded  In  making  accurate  measurements  of  the  pH  of 
cupxramaonluffl  solutions  only  at  comparatively  low  NHo  and  Ca  concentrations  (up  to 
50  g  NHa  per  liter  and  up  to  O.81  g  Cu  per  liter),  while  the  pH  determlnatlors  rf 
ammonia  solutions  were  accurate  only  up  to  100  g  NH3  per  liter.  The  accuracy  cf  our 

pH  determinations  was  Inferior,  unfortunately,  at  higher  concentrations  of  N'H3  in 

aqueous  ammonia  and  at  higher  concentrations  of  Cu  euid  RH3  in  cupr ammonium  solutions 

The  glass  electrodes  were  calibrated  more  frequently  than  usually  at  high 
values  of  pH,  In  view  of  the  fact  that  the  potential  of  a  glass  electrode  varies 
appreciably  with  time  In  highly  alkaline  solutions. 

We  employed  the  following  method  of  measurement  to  increase  the  accuracy  of 
our  measurements  of  the  pH  of  the  test  solutions. 

Before  use,  the  glass  electrode  was  calibrated  in  three  buffer  solutions  whcie 

pH  range  included  the  pH  of  the  solution  under  test,  and  then  its  potential  was 

measured  In  3  to  5  test  solutions,  after  which  It  was  recalibrated  In  the  same  three 
buffer  solutions . 

The  resultant  data  were  used  to  plot  curves  showing  the  variation  of  tne 
electrode  potential  with  the  pH  of  the  buffer  solutions  before  and  after  measuring 
the  pH  of  the  test  ammonia  and  cuprammoniuni  solutions. 

Knowing  the  electrode  potential  In  each  test  solution,  ve  found  the  respective 
pH  on  the  assumption  that  the  straight  line  along  which  the  pS  values  of  the  test 
solutions  are  located  passes  halfway  between  the  calibration  lines  for  the  electroie 
In  the  buffer  solutions  before  and  after  the  measurement  cf  the  e..ectrcde  potential 
In  the  test  solutions. 

Whenever  we  had  to  measure  the  pH  of  c’jprammonli.m  solutions  with  a  high  Cu 
concentration  and  the  electrode's  calibration  curve  bending  down  toward  the  axis 
of  abscissas  at  pH  >12.8,  we  used  a  large  number  of  buffer  solutions  for 
calibration  and  plotted  the  corresponding  stralgnt  line,  which  cent  downward  at 
Its  end,  before  and  after  measuring  the  electrode  potential  In  the  test  solutions. 

We  found  the  pH  of  the  test  solution  by  a  method  resembling  thrr  one  described  abo/e. 

This  measurement  procedure  yielded  pH  values  that  were  less  accurate  than 
In  the  first  method. 

The  temperature  of  the  solutions  was  always  18'  di.rlng  tne  potent  1  at 
measurements. 

Determining  the  pH  of  ammonia  a-.d  cuc^ammonl-.im  solutions  We  made-  parallel 
measurements  of  the  pH  of  ammonia  solutions  at  various  concentrations  with 
hydrogen  and  glass  electrodes  la  order  to  cemtare  them  and  to  learn  the  degree  of 
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accuracy  InvolYed.  The  results  of  these  measuremeats  are  glvea  by  Curve  I  in 
!• 

These  results  exhibit  a  fairly 
satisfactory  agreemeat  of  the  pH 
values  secured  with  glass  and  hydro* 
gen  electrodes. 

The  cupraosaonlum  solution  vaa  A 

prepared  by  dissolving  Cu(0H)2<ln  an  ^1*  JIL 

503  solution,  and  then  diluting  with  _ 

distilled  water,  or  with  an  NH3  sol-  -  -  --  ,  - - • 

utlon,  or  with  a  combination  of  the  *  •*# 

two,  depending  upon  the  desired  con-  1  |  j 

centratlon  of  Cu  and  NHs  In  the  work-  ^  *  i  I  !  I 

Ing  solution.  The  Cu  concentration  {  J  •  *  •  J  1 

In  the  working  solution  was  no  more  f/a  Tl  *  •  •  1  1  •  /'  • 

than  0.81  grams  per  liter  before  any  r*  *  *  *  *  •  *^  • 

polyhydroxy  compounds  had  been  added.  •  *  1  j  I  !>l  ^ 

The  Cu(0H)2  was  dissolved  In  the  |  I  |  \  |  ,  |  . 

IIH3  solution  In  such  a  manner  as  not  ‘  '  •if  ^ 

to  leave  etny  air  In  the  flask  In  which 
dissolution  was  effected,  so  as  to  pre¬ 
vent  the  oxidation  of  the  KHs  to  HNQa 
by  atmospheric  oxidation.  The  percen¬ 
tage  of  Cu  In  the  cuprammonlum  solu¬ 
tions  was  determined  lodometrlcally  by 

the  Bruhns  method  [4].  The  percent-  Flg.l.  Change  In  the  pH  of  agueous 

age  of  NH3  was  determined  by  back-  ammonia  and  cuprammonlum  solutions 

titration  with  an  H2SO4  solution.  with  the  NH3  and  Cu  In  solution. 

The  results  of  our  measure-  4  *  loi  coacentratlonj 

meats  of  the  pH  of  cuprammonlum  |  '  ^  concentration,  srams/llter; 

solutions  containing  0.27,  O.Ul,  and  -  i  I 

0.81  grams  of  Cu  per  liter,  at  varl-  a  ^drogen  electrode;  2  -  meas- 

ous  concentrallons  up  to  are  ''I**'  »  8^!” 

shown  hy  the  Curves  II  aid  III  In  .  eons  ammonia  after  ^t  of  the 

t  rm.  »  ..V  had  been  neutralized:  II  -  cuprammo- 

Flg.l.  The  curves  for  the  cupramm-  .  ...  ,  «  —  2^4.4,... 

7  t  M  »  t.  4.1.  nium  solution:  5  -  Cu  concentration 

onlum  solutions  lie  far  above  the  _  __  /'  t  ttt  „ .  _ _ 

-  „  -4.4  -  *0.27  grams/liter;  III  -  cuprammo- 

curve  for  the  pH  as  a  function  of  .  ,  4.4  ^  44.V  TTT 

„  I4.4  4  „  _ _  nlum  solutions  with  the  fol.:.owlr.g 

the  NH3  concentration  In  an  ammonia  _  4.  4.4  -  _ „/-i44.,..»: 

,  .  4.  .1.  r.  Cu  concentrations  in  grams/llter: 

solution,  the  greater  the  Cu  concen-  ,  .  , .  .  _  .  a, 

tratlon,  the  higher  being  the  curve.  —  ^ 

Determining  the  pH  of  cuprammonlum  solutions  of  dulcltol.  To  facilitate  our 
experimental  procedure,  we  used  pure  dulcltol  and  sucrose  in  our  Investigations. 

A  cuprammonlum  solution,  prepared  as  described  above,  was  diluted  by  add¬ 
ing  an  accurately  weighed  quantity  of  chemically  pure  dulcltol,  the  pH  of  the 
solution  being  measured  after  2  hours  had  elapsed  (the  time  required  for  the 
establishment  of  equilibrium  In  the  reaction  between  the  dulcltol  and  the  cup¬ 
rammonlum  base).  Dulcltol  was  chosen  as  the  additive  to  the  cuprammonlum 
solution  because  It  has  a  higher  resistance  than  aldose  to  oxidation  In  a  cup¬ 
rammonlum  solution.  Since  dulcltol  combines  with  part  of  the  copper,  thus  low¬ 
ering  the  concentration  of  the  free  cuprammcrilum  base,  the  concentration  of  Cu 
In  the  cuprammonlum  solution  may  be  made  much  higher  than  when  the  pH  of  cup-’ 
ranmonlum  solutions  Is  measured  without  addl.ng  any  polyhydroxy  compounds 


Flg.l.  Change  la  the  pH  of  agueous 
eusmonla  and  cuprammonliUB  solutions 
with  the  NH3  and  Cu  In  solution. 

A  -  Hydrogen  Ion  concentration; 

B  -  NH3  concentration,  grams/liter; 

I  -  Aqueous  ammonia;  1  -  measured 
with  a  hydrogen  electrode;  2  -  meas¬ 
ured  with  a  glass  electrode;  I'-  aq»j- 
.  eous  ammonia  after  part  of  the  NH3 
had  been  neutralized;  II  -  cuprammo- 
nium  solution;  ^  -  Cu  concentration 
»  0.27  grams/llter;  III  -  cuprammo¬ 
nlum  solutions  with  the  following 
Cu  concentrations  in  grams/llter: 

4  -  0.41,  and  5  -  O.8I 
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(2.33-^«035  grams  of  Cu  per  liter,  as  against  0.27-0.81  grams  per  .’•Iter). 
Various  amounts  of  dulcltol  were  added;  ranging  from  0.020  to  O.25O  moles  per 


liter,  but  always  using  more  or  less  of  an 
proportions.  ^ 

The  results  of  our  pH  determinations 
at  various  Cu  concentrations  and  various 
Cu:  dulcltol  proportions  In  the  solution 
cure  given  In  Table  1. 

TABLE  1 


Change  In  the  pH  of  Cuprammonlum  Solutions 
of  Dulcltol  as  Functions  of  the  Cu  Concen¬ 
tration  and  of  the  Cu;  Dulcltol  Hatlo. 


Solution 

Cu; 

Solution 

Composition 

C6H14O0 

pH 

NH3 

Cu 

CeHi40e, 

ratio. 

grams/ 

Moles/ 

moles/ 

moles/ 

liter 

liter 

liter 

mole 

r 

r 

0 

• 

13.15 

0.0949' 

0.200 

0.4745 

12.60 

1 

L 

0.250 

0.3796 

12.56 

r 

r 

1 

0 

0.067 

1.342 

13.00 

60.37 < 

0.0899 

0.100 

0.125 

0.899 

0.719 

12.95 

12.88 

a.  143 

0.629 

12.87 

\ 

0.200 

0.499 

12.70 

0.020 

1.830 

12.70 

0.025 

1.464 

12.47 

42.41  ^ 

0.0366  i 

0.033 

1.109 

12.40 

0.050 

0.734 

12.35 

0.100 

0.366 

12.05 

50.56  [ 

0.0366 

r 

c 

0 

0  d 

1.830 

13.10 

13.05 

Potentlometrlc  titration  of  ammonia 
and  cupram.-or.iua  solutions,  with  and  with¬ 
out  the  addition  of  polyhydroxy  compounds. 
These  solutions  were  titrated  with  l.ON 
and  O.5N  solutions  of  H2SO4  as  follows. 

The  given  quantity  of  dulcltol  was 
added  to  the  cuprammonlum  solution  to  pre¬ 
pare  a  working  solution  by  means  of  dilu¬ 
tion,  and  after  two  hours  had  elapsed,  the 
amount  of  titrated  H2S04  calculated  to  be 
necessary  for  neutralization  was  added, 
together  with  an  NH3  solution  or  distilled 
water . 


83U 


excess  over  the  stoichiometric 


Fig.  2.  Titration  qf  ammonia  and 
cuprammonlum  solutions  with  and 
without  the  addition  of  polyhyd¬ 
roxy  compounds.  A  -  ^drogen 
ion  concentration;  B  -  per  cent 
neutralization;  Curve  I  -  of 
ammonia;  Curves  II  -  IX  of  copper 
I  -  Aqueous  NH3  solution, •NH3 
concentration  =  53*55  grams/liter; 
^  -  VI  -  cuprammonlum  solutions 
with^th^  following  concejitrations 
of  NH3  and  Cu  in  grams/liter,  res¬ 
pectively;  ^  -  51*3^  and  2.5*«-; 

III  -  U9.U2  and  2.54;  IV  -  46.75 
and  2.67;  V  -  47.34  and  1.52;  VI 
-  50.56  and  2.33;  VII  -  cupramm¬ 
onlum  solution  of  dulcltol,  con¬ 
centrations  as  follows;  50. 56 
grams  NH3  per  liter;  2.33  grams 
Cu  per  liter;  0.02  mole  dulcltol 
per  liter;  VIII  -  cuprammonlum 
solution  of  sucrose,  concentra¬ 
tions  as  follows:  49-42  grams 
NH3  per  liter,  2-54  grams  Cu  per 
liter;  0.10  mole  sucrose  per 
liter;  jDC  -  cuprammonlum  solution 
of  cellulose,  concentrations  as 
follows;  48.40  grams  NH3  per 
liter;  4.13  grams  Cu  per  liter; 
0.07  basic  mole  per  liter. 


The  cupranimoalum  solution  qf  dulcltol  thus  prepared  contained  an  anaaoa- 
iuffl  base,  a  free  cuprammonlum  base,  a  sulfate  of  the  cupranunonlum  base)  ind  a 
.'cupr ammonium  base  combined  with  dulcitol. 

The  Cupreunihoniuffl' solutions  that  contained  no  added  polyhydroxy  compounds 
and  the  ammonia  solutions  vere  gradually  neutralized  in  the  same  manner. 

After  the  cuprammonium  solutions  containing  no  polyhydroxy  compounds  had 
been  partially  neutralized,  part  of  the  copper  vas  present  as  the  respective  salt 
of ^ the  complex  cuprammonium  base,  of  the  free  cuprammonium  base  and  of  the  ammonium 

In  the  ammonia  solution,  after  the  NEiOH'had  been  partially  neutralized, 
the  solution  contained  (NH4)  2SO4,  produced  vhen  the  NH4OH  was  neutralized  by 
the  H2S04  solution,  and  the  rest  of  the  NH4OH. 

The  results  of  our  measuring  the  pH  after  neutralization  of  all  these 
solutions  are  shown  by  the  curves  in  Fig. 2. 

The  titration  curve  of  the  ammonia  solution  exhibits  that  the  pH  drops 
sharply  as  the  5Ha  is  neutralized,  as  expressed  in  per  cent  of  the  original 
HHa  content  of  the  solution. 

If  ve  plot  a  curve  showing  the  pH  as  a  function  of  the  concentration  of 
the  NHa  left  after  the  ammonia  solution  has  been  neutralized  with  the  H2S04 
solution,  it  will  occupy  the  position  of  and  look  like  the  Curve  I*  In  Flg.l. 

As  we  see  in  Flg.l,  this  curve  is  much  below  Curve  I. 

Evaluation  of  Results. 

Ammonia  solutions.  As  the  concentration  of  the  NH3  in  the  ammonia  solution 
rises,  the  concentration  of  OH  ions  in  the  solution  and  the  latter's  pH  also 
rise  uninterruptedly  (Curve  I,  Flg.l),  faster  at  first,  and  then  coEfpauratlvely 
slowly,  since  the  degree  of  dissociation  of  the  NH4OH  apparently  decreases  as 
the  concentration  of  NH3  rises. 

The  curve  showing  the  changes  of  pH  resembles  the  curve  showli^  the 
changes  in  conductance  as  a  function  of  the  concentration  of  NH3  in  the  ammonia 
solution  (5]« 

The  degree  of  dissociation  of  the  ammonia  base,  NH4OH,  is  0.4-0. 5?^,  as 
calculated  from  the  pH  determinations  of  dilute  solutions  on  the  assumption  that 
^11  the  ammonia  in  the  solution  is  in  the  form  of  NH4OH.  This  figxire  agrees  with 
^he  degree  of  dissociation  of  a  dilute  NHa  solution,  calculated  from  the  conduct¬ 
ance  figures  [6]. 

When  ammonium  sulfate  is  present  in  the  ammonia  solution,  the  pH  drops 
sharply  for  a  given  concentration  of  NH3  in  the  solution,  as  is  shown  in  Flg.l 
(Curve  I*),  which  may  be  due  to  a  substantial  Increase  in  the  degree  of  dissoc¬ 
iation  of  t:.ne  NH4OH  due  to  the  effect  of  the  identical  ion. 

We  must,  therefore,  make  allowance  for  the  appreciable  Influence  of  elect¬ 
rolytes  and,  especially,  of  similar  ions  upon  the  change  of  a  solution's  pH  in 
potent lome trie  investigations  of  copper  ammonlates  and  amlnates.  Some  research¬ 
ers,  however,  do  not  take  this  Influence  into  account  [J,  8]  in  their  applica¬ 
tion  of  electrometric  methods  of  research  on  copper  ammonlate  and  amlnate  sol¬ 
utions.  That  is  why  their  research  findings  and  conclusions  cannot  be  regarded 
as  correct,  but  require  serious  corrections. 

Cuprammonium  solutions  without  any  polyhydroxy  compounds  added.  The  on- 
cer.traticri  c:"  OH  ions  in  a  cuprammonium  soluti  .  n  is  governed  by  the  presence  of 
two  bases  In  the  solutions  the  ammonium  base  KH^OH  and  the  complex  cuprammon- 
iua  base  [Cu(NH:Jml  (0fl)2. 


The  »5egree  of  dlssoctatloa  of  each  of  these  bases  differs,  varying  with 
the  concentration  of  Cu  and  NH3  la  the  solution  and  with  other  factors. 

Curves  II  and  III  in  Flg.l  show  that  even  at  a  low  Cu  concentration  In  a  cup- 
rammonlua  solution  the  solution  pH  Is  much  higher  than  that  of  an  ammonia 
solution  for  the  same  NHa  concentration. 

As  the  Cu  concentration  of  a  cuprammonlum  solution  Is  raised,  the  cot:- 
centratlon  of  OH  Ions  rises,  on  the  one  hand,  due  to  the  cuprammonlum  base, 
while,  on  the  other,  the  cuprammcnlum  base,  as  the  stronger  base,  greatly  dim¬ 
inishes  the  degree  of  dissociation  of  the  ammonia  base. 

An  Increase  of  the  IIH3  concentration  In  a  cuprammonlxmi  solution  may,  and 
probably  does.  Influence  changes  la  the  physicochemical  properties  of  the  cup- 
rammonlum  base.  Inasmuch  as  the  Increase'  in  the  concentration  of  NH3  In  the 
solution  changes  the  degree  of  aoicatlon  of  the  cuprammonlum  base. 

The  concentration  of  IfHa  in  an  ammonia  solution  must  be  substantially 
higher  than  that  In  a  cuprammonlum  solution  to  attain  the  same  pH  In  both  sol¬ 
utions. 

We  worked  up  the  curves  of  Pig.  1  graphically  In  order  to  get  an  approx¬ 
imate  idea  of  the  ratios  of  IIH3  and  Cu  concentrations  that  would  ensure  a  rise 
In  the  pH  of  the  cuprammonlum  solution  to  a  given  value  and  would  therefore 
be  equivalent  in  this  respect. 

We  did  this  by  drawing  a  series  of  straight  lines  parallel  to  the  axis 
of  abscissas,  representing  constant  values  of  pH,  until  they  Intersected  the 
pH-HHs  concentration  curves.  Perpendiculars  were  dropped  from  these  points 
of  Intersection,  Intercepting  the  axis  of  abscissas  at  points  that  Indicated 
the  NHa  concentration  of  an  ammonia  or  cuprammonlum  solution  possessing  the 
given  pH. 

The  results  of  this  graphical  procedure  are  given  In  Table  2. 

The  last  column  In  Table  2  gives  the  ratios  of  the  differences  between 
the  NH3  concentrations  In  ammonia  and  cuprammonlum  solutions  (ANH3)  of  the 
same  pH  to  the  Cu  concentrations,  both  In  moles.  This  ratio  ranges  from  ICO 
to  UOO,  depending  upon  the  Cu  concentration.  The  ratio  of  the  equivalents 
will  range,  accordingly,  from  50  to  200. 

These  ratios  show  that  the  cuprammonlum  base  Is  tens  of  times  as  strong 
as  tb**  ammonia  base.  It  proved  to  be  impossible  to  make  the  secne  sort  of 
calculation  of  the  degree  of  dissociation  of  the  cuprammonlum  base  from  the 
results  of  our  potent lome trie  measurements,  since  the  twe  bases  Jointly  eff¬ 
ected  the  degree  of  dissociation.  The  cuprammonlum  base,  as  the  stronger  of 
the  two,  exerts  a  very  marked  Influence  upon  the  degree  of  dissociation  of 
the  ammonia  base. 

Cut "stnmor.lum  solutions  of  cclyhydroxy  ccmcounds.  The  addition  of  dul- 
cltol,  sucrose,  and  cellulose  to  a  cuprammonlum  solution  always  results  In  a 
more  or  less  pronounced  drop  In  the  pH  of  the  solutions,  as  Is  shown  by  the 
data  in  Table  1  and  by  the  Curves  VIII  and  IX  In  Fig. 2. 

Adding  0.10  mole  of  sucrose  to  one  liter  of  a  cuprammonlum  solution 
containing  Up.U2  grams  of  NH3  per  liter  and  grams  of  Cu  per  liter  lower¬ 

ed  the  solution  pH  to  12.20,  l.e.,  by  about  one  unit. 

The  pH  continues  to  fall  as  more  dulcltol  Is  added  (Table  IJ,  even  when 
the  molar  ratio  duicltolr  Cu  =  2-5,  l.e.,  when  the  polyhydroxy  compound  Is 
present  In  s'utstantlal  excess. 
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TABI£  2 

H  Values  at  Various  Concentrations 


U.90 
12.00 
12. io 
12.20 
12.30 
12.20 
12.30 
12.40 


NHa  concentra¬ 
tion  of  an  aqu¬ 
eous  ammonia  sol. 
utlon,  moles/li- 

Cu  and  HH3  content  at 
the  same  pH  of  the 
ammonia  solution, 
moles/liter 

Cu 

HRs 

1.235 

0.0042 

0.360 

1.559 

0.0042 

0.941 

1.941 

0.0042 

1.500 

2.441 

0.0042 

2.059 

3.088 

0.0042 

2.647 

2.441 

0.0064 

0.618 

3.088 

0.0064 

0.706 

4.049 

0.0064 

0.832 

4NH3. 

Cu  ratlOf 
moles 
per  mole 


0.875 

0.618 

0.441 

0.382 

0.441 

1.823 

3.382 

3.147 


These  results  Indicate  that  an  equlllhrlimi  chemical  reaction  takes  place 
between  the  cuprammonlum  base  and  polyhydroxy  compounds,  which  may  be  represen¬ 
ted  as  follows  for  the  general  case: 


[Cu(NS3)biI(0H)2 


H-|-0H 


(NHs  )  n 


■K  2H2O 


According  to  Reeves'  recent  conductometric  Investigations  [9]^  this  re¬ 
action  takes  place  with  those  polyhydroxy  compounds  that  possess  a  pair  of  OH 
groups  In  a  els  position  to  each  other  or  at  an  angle  of  no  more  than  120*. 

This  ijrocess  causes  the  concentration  of  OH  Ions  to  fall,  the  more  poly¬ 
hydroxy  compound  being  added  and  the  lower  the  Initial  concentration  of  copper 
In  the  cuprammonlum  solution,  the  greater  the  extent  of  this  decrease  (Table  1). 
The  solution  pH  does  not  drop  much  when  a  small  amount  of  the  polyhydroxy  com¬ 
pound  Is  added  to  a  solution  whose  copper  concentration  Is  rather  high  (Curves 
V  and  VI,  Fig.  2.) 

This  may  be  explained  as  follows:  the  combining  of  part  of  the  cup¬ 
rammonlum  base  with  the  polyhydroxy  compound  shifts  Reaction  (l)  to  the  right, 
but  the  concentration  of  OH  ions  in  the  solution  does  not  drop  or  drops  but 
slightly  because  the  loss  of  OH  Ions  due  to  the  reaction  Is  compensated  by  the 
additional  dissociation  Into  ions  of  the  undlssoclated  molecules  of  the  cup¬ 
rammonlum  base. 

When  large  quantities  of  polyhydroxy  compounds  are  added  (Curves  VIII 
and  IX,  Flg.2),  the  pH  falls  sharply,  since  the  loss  of  a  large  proportion  of 
the  copper  due  to  Its  combination  with  the  polyhydroxy  compound  into  an  undlss¬ 
oclated  or  slightly  dissociated  compound  Is  evidently  no  longer  able  to  be  made 
up  by  dissociation  of  the  undlssoclated  part  of  the  molecules  of  the  cuprammonlum 
base. 
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Another  process  that  Is  theoretically  posalbU*  Is  Reactlos.  (2),  which  may 
likewise  be  an  eavilH^rlum  reaction  (giving  rise  to  a  molecular  compound  of  the 
cupraucmonlum  base  and  the  polyhydroxy  compound)  •  ■'*.#> 


H-C-OH 


I 


[Cu(HH3)b1  ♦  I  ^  I 

“  "I* 


H-OOH 

I 


H-C-OH 
— iJH 


HO 


HO 


(Cu(K^)«l 


(2) 


Here,  too,  the  concentration  of  OH  Ions  must  fall  as  the  cuprammoniuz 
base  Is  combined  with  the  polyhydroxy  compound.  Further  research  la  this  field 
Is  needed  to  Indicate  which  of  these  two  processes  actually  takes  place.  It 
seems  to  us,  however,  that  the  second  process  Is  hardly  llktrly,  since  we  know 
that  a  copper-cellulose  compound  Is  fairly  stable  chemically,  which  cannot  be 
said  of  the  compound  produced  la  Reaction  (2).  One  thing  seems  Indisputable, 
however:  Judging  from  the  results  of  potent lome trie  Invest 1 get Ions,  the  bond 
between  the  cupramsonlum  base  and  the  polyhydroxy  compound  can*.ot  arise  as  a 
consequence  of  co-ordination  bonds,  with  the  formation  of  ccipOw.nds  of  the 
following  type,  as  some  researchers  have  supposed  [10): 


H-i 


H-C-OH^ 

.  I 


(OH); 


Even  If  the  concentration  of  OH  Ions  could  vary  In  this  case.  It  could  only  be 
as  the  result  of  a  Change  In  the  composition  of  the  complex  cuprammoaliim  base. 

Potentlometric  titration.  As  ammoniacal  solutions  are  titrated  (Curve 
I,  Fig.l),  the  pH  drops  sharply,  due  to  a  decrease  In  the  n‘-mher  of  CH  Ions  as 
a  result  of  the  convex^slon  of  part  of  the  NH^OH  Into  (NH4)iSC4,  which  In  t'j^n 
diminishes  the  concentration  of  OH  ions  by  reducing  the  dcgrei?  of  dissociation 
of  the  HH4OH  as  an  electrolyte  that  contains  the  same  NH^  ion.  The  titration 
curves  of  cuprammcnlum  solutions  (Curves  ^  and  VI,  fig. 2)  lie  much  higher  tiiar 
the  titration  curves  of  an  ammonia  solution  (Curve  I,’  Fig  2)  or  the  titration 
curves  of  cuprammonlum  solutions  to  which  sucrose  or  cellulose  had  been  ad ted, 
and  exhibit  points  cf  inflection  at  ^0^  of  the  back-titrated  C^:  ^Curves  III, 

IV,  VI,  VII) .  Whence  It  follows  that  there  are  two  stages  of  dlssociatirn 
for  a  cuprammonlum  base. 


The  first  stage  exhibits,  as  a  rule,  a  higher  degree  of  dlsrcclatlcr. 
than  the  second  one. 

The  titration  curve  of  a  cuprammonlum  solution  cf  djlcitol,  contalnirg 
I  0.020  mole  of  the  latter  per  liter  'Curve  VII,  Fig. 2)  ani  2.55  grams  of  C-  jer 

liter,  th-  mclar  ratio  of  Cu;  dulcltoi  being  x.35.  Is  close  to  t.ne  titration 
1  curve  for  a  solutlcn  containing  the  same  percentages  of  C-  and  Nn^.,  b-t  wlth- 

!  out  any  duicltol  Curve  VI,  Fig. 2),  and,  like  the  latter  curve,  has  a  polr.t 

j  of  inflection  at  tne  neutralization  point  of  approx  Hu. 

!  This  is  apparently  due  to  the  fact  that  under  these  conditions  only  a 

I  small  portion  of  the  cuprammonlum  base  ccmblnes  with  the  pc.yhydroxy  ccm;ou'.d, 

I  which  Is  Insufficient  to  exert  any  appreciable  Infinence  (.pen  a  decrease  in 

j  the  pH  at  the  start  of  titration  or  upon  the  nature  of  the  titration  curve. 

I  The  titration  curves  of  cuprammcilux  solutions  of  sucrose  and  cellulose, 

J  .  containing  0.100  ar.d  0.070  moles  per  liter,  r‘*cpectively,  are  located  m.ch 

)  lower  a.nd  exhibit  no  point  of  Inflection  at  t.h-  neutralization  of  50^  of  the  Cu 
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Obviously,  In  these  Instances  most  of  the  cuprammonlum  base  is  combined  with 
the  polyhydroxy  compound,  and  the  pH  at  the  start  of  titration  Is  50^1  lower 
than  the  pH  of  the  solution.  .  *  • 

Titration  cujrves  of  such  shape  may,  we  believe,  be  explained  as  due 
to  the  fact  that  as  titration  proceeds  the  reactions  (l)  or  (2)  are  reversed. 

As  titration  proceeds,  the  concentration  of  the  free  cuprammonlum  base 
that  Is  not  combined  with  the  polyhydroxy  compound  gradually  diminishes,  while 
the  sulfate  of  the  cuprammonliaa  base  accumulates.  The  reaction  proceeds  from 
left  to  right.  The  pH  gradually  diminishes  until  all  the  cuprammonlum  base 
combined  with  the  polyhydroxy  compound  has  been  freed  from  that  compound. 

As  Curve  VIII,  Fig. 2,  Indicates,  the  cuprammonlum  compound  of  sucrose 
Is  completely  decomposed  when  more  than  77 -5^^  bhe  Cu  Is  neutralized.  The 

point  of  Inflection  of  the  curve,  located  at  the  point  where  the  further  neu¬ 
tralization  of  the  Cu  has  progressed  to  about  87.5^,  shows  that  when  the  cup- 
reumnonlum  polyhydroxy  compound  was  completely  decomposed,  the  solution  con¬ 
tained  about  25^  of  free  cuprammonlum  base  In  terms  of  the  total  copper  In  the 
solution. 

In  conclusion  we  wish  to  express  our  weirm  gratitude  to  Prof  .A.B.Fakshver 
for  his  Invaluable  counsel  and  guidance  during  the  foregoing  research. 

SUMMARY 

1.  It  has  been  shown  that  a  cuprammonlum  base  has  a  higher  concent¬ 
ration  of  OH  Ions  than  an  ammonia  base,  the  concentration  of  OH  Ions  of  the 
ammonia  base  dropping  sharply  when  a  similar  Ion  Is  present  In  the  solution. 

2.  In  titrating  a  cuprammonlum  solution  a  point  of  Inflection  Is 
found  to  exist  on  the  titration  curve  when  about  of  the  Cu  has  been  neu¬ 
tralized,  which  Is  an  Indication  of  two-stage  dissociation  of  the  cupramm¬ 
onlum  base. 

5,  The  addition  of  polyhydroxy  compounds  to  a  cuprammonlum  solution 
causes  a  more  or  less  substantial  drop  In  the  solution  pH,  the  lower  the  Initial 
concentration  of  Cu  in  the  solution  and  the  more  of  the  polyhydroxy  compound 
added,  the  greater  the  pH  drop,  which  may  be  due  to  a  binding  of  part  of  the 
cuprammonlum  base  In  accordance  with  Equations  (1)  or  (2). 
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COLCRED  FIIM3  BASED  ON  A  SYNTJfETIC  BHIiaSt 


A.  V.  Faofllov  aad  £  G.  Ivaucheva 

laborator/  of  Inorganic  and  Colloid  Chemistry,  University  of  Chernovtsy 


Hie  general  trend  In  the  technology  of  film-forming  materials  Is  more  and 
more  toward  the  use  of  synthetic  products.  This  evolution,  which  has  fairly  well<- 
knovn  parallels  In  other  branches  of  the  chemical  Industry,  is  due  to  the  short 
supply  of  drying  oils  and  to  an  endeavor  to  produce  coatings  of  higher  quality.' 

The  most  promising  at  the  present  time  are  combinations  of  polyatomic  acids  with 
polyhydrlc  alcohols,  the  so-called  alkyd  resins,  combined  with  vegetable  oils  or 
with  the  fatty  acids  derived  from  these  olls-the  modified  alkyd  resins  [1,2]. 

^oducts  of  this  sort  remain,  at  least  for  the  present,  tied  to  vegetable 
oils  AS  sources  of  the  fatty  acids  and  glycerol,  though  the  range  of  oils  avail¬ 
able  to  the  paint  and  lacquer  Industry  has  been  extended  considerably  by  the 
feasibility  of  using  semldrylng  and  nondrying  oils^  this  also  Involves  a  substan¬ 
tial  saving  In  oil. 

The  present  report  is  a  study  of  the  time  changes  in  the  mechanical  properties 
of  pigmented  films  made  by  various  film-forming  materials  under  ro^m  and  outdoor 
conditions  and  of  the  reactions  of  these  film-forming  materials  with  the  pigments 
they  contain.  As  we  have  pointed  out  previously  (?],  research  of  this  type  has  as 
Its  objective  a  study  of  the  mechanical  properties  of  the  films  as  such,  disregard¬ 
ing  the  surface  to  which  they  are  applied  in  their  practical  applications  as 
protective  coatings.  Hence,  the  por.r  mechanical  indexes  of  the  film  itself 
reported  in  this  paper  Is  no  evidence  of  the  uselessness  of  the  given  coating 
under  operating  conditions  in  general.  (The  problem  of  the  anticorrosion 
qualities  of  a  coating  is  not  dealt  with  in  this  paper  )  The  findings  are, 
however,  basic  to  a  differentiated  study  of  the  processes  occurring  in  films, 
which  furnish  materiaJL,  we  believe,  for  the  evaluation  of  their  properties  and 
quality  as  a  whole.  The  aging  •  of  these  films  is  itself  of  interest  from  the 
standpoint  of  applied  colloid  chemistry,  to  be  sure, it  also  affects  the  operation¬ 
al  qualities  of  the  coating. 

Samples  of  three  types  of  resin  alkyd  glyptal,  ^  and  superbeckasite, 

were  used  In  this  research. 

During  the  past  two  decades  alkyd  phthalic  resins  have  secured  for  themselves 
a  rather  permanent  place  in  the  paint  and  dye  Industry  The  superiority  o'f  higher 
polyatomic  alcohols  than  glycerol  as  constituents  of  film-forming  materials  of  this 
type  is  stressed  by  Drinberg,  who  has  investigated  the  effect  of  increasing  the 
atomicity  of  the  alcohol  to  be  combined  with  the  fatty  acids  upon  the  rate  of  film 
formation  [4,51-  Resins  based  on  pentaerythr itol ,  a  comparatively  readily  access¬ 
ible  alcohol  from  the  manufacturing  standpoint,  have  been  special' y  recommended  by' 
that  author  and  have  been  t4sed  Industrially. 

The  Superbeckasite  1001  tested  by  us  is  one  of  the  100^  phenolic  resins  for 
lacquers  and  consists  of  a  combination  of  normal  tert-butylphenol  with  formaldehyde. 
In  view  of  the  brittleness  disclosed  in  preliminary  tests.  It  was  combined  with  the 
oil  In  ratios  at  least  twice  those  cal'ed  for  in  the  literature  [6], 
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We  used  'three  samples  of  modified  glyptal  resins;  Alkydal  T,  Allq^dAl  ST,  the 
gljrptal  resin  FL-39  (in  the  first  and  third  preparations  the  resins  wer«  prepared 
hy  combining  vlth  linseed  oil,  and  In  the  second,  with  castor  oil),  t2ae 
pentaphthallc  resin  PFL-37/  ®nd  Superbeckaslte  100,.  Some  of  the  charadterlstlcfc 
of  these  resins  are  given  In  Table  I. 


TABLS  1 

Characteristics  of  Beslns 


Resin  composition,  ^ 

mil 

Saponification 

number 

Hanus 

Iodine 

numoer 

Combust icm 
residue,  5^ 

Alkydal  T  In  linseed 
oil,  48^1  fat 

1^.5 

360 

86 

0.06 

Alkydal  ST  in  castor  oil, 
fat. 

20.0 

312 

75 

0.09 

FL-39  resin:  15.76^  glycerol 
28.38^  phthallc  anhydride, 
43.865;  linseed  oil, 

10.35;  rosin. 

13.2 

290 

91 

0.05 

PPL-37  reslnr  11. 05; 
pentaerythrltol,  19  •665; 
phthallc  anhydride, 

69.05;  linseed  oil,  O.345; 

9-8 

270 

110 

O.L4 

lead  llneolate. 


EXPERIMENTAL 

The  resin  setaple  was  dissolved  by  heating  It  to  100*  In  Its  own  weight 
of  turpentine.  The  siccative  used  was  a  turpentine  solution  of  lead  and  man¬ 
ganese  resinates,  containing  O.US^t  lead  and  0.12^  manganese,  in  terms  of  the 
resin.  These  solutions  were  given  the . following  lacquer  designations:  Lacquer 
1-T*  a  solution  of  the  Alkyldal  T  resin  in  turpentine;  Lacquer  2-ST:  a  solu¬ 
tion  of  the  Alkydal  ST  resin  in  turpentine;  Lacquer  3-FL;  a  solution  of  the 
glyptal  resin  FL-39  In  turpentine;  Lacquer  U*PFL:  a  solution  of  the  pentaphthallc 
resin  PFL-3T  In  turpentine;  Lacquer  6;  60  parts  of  tung  oil,  10  parts  of  linseed 
oil,  30  parts  of  superbeckaslte,  and  60  parts  of  turpentine,  with  a  lead-manganese 
siccative;  and  Lacquer  J:  20  peirts  of  Superbeckaslte,  40  parts  of  linseed  oil,  and 
30  parts  of  turpentine,  with  a  lead-manganese  siccative. 

Pigments  were  rubbed  into  these  prepared  lacquers.  In  addition  to  the  two 
'hctlve'*  pigments  previously  employed,  red  lead  and  zinc  oxide,  so-called  because 
of  their  marked  reaction  vlth  the  oil  and  their  accelerating  effect  upon  the  aging 
of  the  film,  and  the  '*  inactive'*  pigments,  red  ocher  and  chromic  oxide,  "we  also 
employed  lead  chromate  —  a  pigment  widely  used  to  produce  greens,  that  has  no  harmful 
effect  upon  film-forming  materials.  Red  lead  Is  often  employed  in  combination  with 
a  glyptal  priming  coat. 

The  rubbed  paste  was  diluted  with  turpentine  to  paint  consistency  and  then 
applied  with  a  brush  as  rapidly  as  possible  to  amalgamated  tinplate  sheets.  After 
the  first  coat  had  dried  at  ordinary  temperature,  a  second  coat  was  applied.  The 
paint  samples  were  kept  out-of-doors  and  indoors  and  periodically  tested  in  a 
Sc hopper  apparatus  for  mechanical  strength. 

As  the  data  In  Figs,  1—12  Indicate,  nearly  all  the  pigmented  films  that  were 
kept  out-of-doors  soon  became  brittle  and  unsuitable  for  tensile  tests.  In  the 
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■ore  stable  samples,  this  failure  appeared  after  about  four  months  of  exposure* 

The  unplgmented  films  became  brittle  out  of  doors  In  the  same  Interval  of  time. 

The  films  that  contained  zinc  vhlte  and  r'fd  lead  broke  down  especially  fast* 

VI thin  onc^  an^.  w  half  to  two  months  the  surfaces  painted  with  these  pigments  were 
covered  with  a  network  of  cracks,  reaching  down  to  the' priming  coat  In  some  areas 
of  the  painted  surface*  In  order  to  eliminate  any  possible  Influence  of  the 
amalgamated-  surface,  the  paint  paste  was  applied  directly  to  Iron  sheets,  which  were 


Fig*  I  Tensile  strength  Pig.  2*51  elongation  Fig*  3-  Tensile  strength 

(  CT  )  of  pigmented  films  (  A)  of  pigmented  (  CT)  of  pigmented  films 

of  Lacquer  1-T;  out-of-doors  films  of  Lacquer  1-T;  of  Lacquer  2-ST;  out-.f-w-^^s 

out-of-doors. 

A  —  or ,  kg/sq  mm;  B  —  time,  A  —  X/  B  —  Time,  A  —  O’,  kg/sq  mm;  B  —  time, 

days.  1  —  Lacquer  without  days.  1  —  Lacquer  with-  days.  1  —  lacquer  without 

pigment;  2  —  zinc  oxide;  out  pigment;  2  —  zinc  pigment^  2  —  zinc  oxide; 

2  ”  red  lead;  U  -  Iron  ocher;oxlde;  ^  —  red  lead;  —  red  lead;  k  —  Iron  ocher; 

5  —  chromic  oxide;  6  -  lead  k  —  iron  ocher;  5  —  5  —  chromic  oxide;  6  -  lead 

chromate*  chromic  oxide;  £  -  lead  chromate* 

chroosate. 

exposed  out-of-doors.  Here,  too,  cracks  formed.  The  orange  color  of  the  red 
lead  paint  took  on  the  typical  whitish  hue.  Ve  kept  a  roof  that  had  been  painted 
with  red  lead  In  a  glyptal  lacquer  under  observation  for  some  time.  Soon  after 
painting,  the  presence  of  whitish  free  lead  oxide  and  precipitated  lead  dioxide 
could  be  detected  visually.  The  paint  broke  down  badly  fairly  soon. 

The  pigmented  and  uiplgmented  films  made  of  lacquer  using  the  glyptal  resin 
FL-39  were  least  resistant.  The  films  of  this  lacquer,  containing  the  specified 
pigments,  became  britcle  after  exposure  out-of-doors  for  two  or  three  months*  Some 
films  age  rapidly  even  when  kept  Indoors;^  this  Is  true,  for  Instance,  of  the 
same  Lacquer  3-FL.  The  brittleness  of  the  films  Is  evidently  governed  by  the 
properties  of  the  film-forming  material* 

Some  films  exhibited  a  complete  loss  of  elasticity  within  brief  Intervals  of 
time  even  when  tested  on  the  Lacquer  and  I^lnt  Research  Institute  elasticity  scale* 
The  Alkydal  T  resin  and  the  glyptal  resin  FL-39  were  tested  with  a  higher  percent¬ 
age  of  linseed  oil,  using  equal  parts  of  the  oil  of  the  resin,  in  order  to  find 
less  brittle  combinations.  But  even  In  this  proportion,  the  films  of  both 
lacquers  became  brittle  after  two  months  of  exposure  out-of-doors,  when  pigmented 
with  zinc  oxide  and  red  lead. 

Superbeckaslte  Is  characterized  by  the  low  stability  of  films  of  the  unplgment 
ed  lacquer  out-of-doors.  But  Indoors,  when  the  slowly  forming  film  has  the  chance 
to  ripen  completely,  this  resin  exhibits  high  mechanical  strength,  distinguishing 
It  from  the  other  resins  tested* 

We  cite  no  data  on  the  tests  of  films  aged  Indoors  In  this  paper* 
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Pig,  7-  Tensile  strength 
(  O'  )  of  pigmented  films 
of  Lacquer  4-PFL;  out-of- 
doors. 


Pl^.  8.  ^  elongation 
(  A )  of  pigmented 
films  of  Lacquer  4-PFL] 
out-of-doors. 


Pig.  9»  Tensile  strength^C*  , 
pigmented  films  of  Lacquer 
6;  out-of-doors. 


A  -C-,  kg/sq  ma;  B  -  time,  A  -  B  -  Time, 

days.  1  -  Lacquer  without  days.  1  -  ^cquer 
plgi^ent;  2  -  zinc  oxide;  without  pigment;  2  - 
^  -  red  lead;  4  -  Iron  zinc  oxide;  2  " 
ocher;  ^  —  chromic  oxide;  lead;  4  -  Iron  ocher; 

^  6  -  lead  chromate.  5  -  chromic  oxide; 

o  «  lead  chromate. 


A  -  0r»  k«/8<l  Bsm;  B  -  time, 
days.  1  ~  Lacquer  without 
pigment;  2  •  zinc  oxide; 

2  “  red  lead;  4  -  Iron  ocher; 
2  —  chromic  oxide;  6  —  lead 
chromate. 


Pig.  10.  ^  elongation  (.'» 
of  pigmented  films  of 
Lacquer  6;  out-of-doors. 
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Fig.  11.  Tensile 
strength  (  cr  )  of 
pigmented  films  of 
Lacquer  7 ;  out-of-door s . 


Fig.  12,^  elongation 
.  '(  X')  6f  pigmented  films 
of  Lacquer  7;  out-of-doors. 


A  -  A,  5»;  B  —  Time, 
days.  1  -  Lacquer  with¬ 
out  pigment;  2  -  zinc 
oxide;  2  —  red  lead; 

4  -  Iron  ocher;  5  ** 
chronic  oxide;  ^  —  lead 
chromate. 


A  “  O’,  kg/sq  mm;  B  ” 
time,  days.  1  —  Lacquer 
without  pigment;  2  - 
zinc  oxide;  2  ” 
lead;  4  -  Iron  ocher 


A  -  A,  It;  B  -  Time, 

^ys.  1  -  Lacquer  wlth- 
plgment;  2  —  zinc  oxide; 
2  “  red  lead;  4  —  Iron 
ocher. 


We  have  tested  films  made  of  Lacquer  No.  15,  which  proved  to  he  unsatisfactory  _ 
[7l«  Ih  may  he  that  this  Is  due  to  the  presence  of  rosin  In  this  lacquer.  The  low 
quality  of  rosin  as  a  resin,  especially  Its  brittleness.  Is  common  knovledge.  This 
negative  quality  Is  also  exhibited  by  the  synthetic  resins  we  have  tested,  which  ■ 
therefore,  cannot  be  regarded  as  satisfactory  film-forming  materials. 

The  rapid  loss  of  elastic  properties  by  the  pigmented  lacquer  films  Is  clearly 
shown  In  the  graphs  of  per  cent  elongation  (Figs.  2,4,6,8,10,12). 

Interaction  with  pigments.  We  tested  the  lnter€w:tlon  of  the  pigment  with  the 
binder  for  the  glyptal  resin  FL-59  and  the  pentaphthallc  resin  PFL-37*  The 
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pigmented  films  of  the  first  of  these  resins  break  down  rather  rapidly,  the  second 
one  being  much  stronger.  The  method  of  measurement  has  been  described  before  [8). 
Dlchloroethane  was  used  as  the  solvent  this  time.  The  pigments  were  rubbed  Into 
turpentine  solutions  of  the  resins,  the  pastes  being  applied  to  glass  plates.  A 
weighed  sample  of  the  resultant  film  was  removed  at  regular  Intervals  and  dissolved 
by  boiling  It  In  dlchloroethane. 

Here,  too,  the  lead  oxides  and  red  lead  reacted  most  energetically  with  the 
Allcyd  resins  (Table  2).  The  solutions  of  films  of  these  resins  containing  these 
additives  were  yellowish,  transparent,  and  separated  very  readily  from  the  unreacted 
pigment,  sometimes  even  In  simple  suction  filtering,  without  centrifuging. 

.  It  was  much  harder  to  separate  zinc  oxide  from  similar  solutions  of  pigmented 
films.  The  percentage  of  zinc  oxide  that  reeteted  with  the  resin  was  likewise  high, 
especially  In  Test  4,  Table  2.  The  percentage  of  zinc  oxide,  as  calculated  from 
the  resin* s  saponification  number,  was  21^,  while  a  determination  made  for  this 
combination  after  two  days  yielded  as  much  as  20^.  Small  percentages  of  ferric 
oxide,  chromic  oxide,  and  lead  chromate  were  found  In  the  portion  of  the  respective 
film  that  was  soluble  In  dlchloroethane.  But  these  solutions  were  turbid  even 
after  prolonged  centrifuging,  so  that  there  was  a  residue  after  calcining,  due 
possibly  to  a  highly  disperse  stabilized  portion  of  the  Iron  ocher  and  chromic 
oxide.  The  solubility  of  pigmented  films  of  the  alkyd  resins  decreases  with 
time,  so  that  the  metallic  oxide  as  a  percentage  of  the  amount  of  resin  Initially 
present  In  the  paste  decreases. 
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1.  The  mechanical  properties  of  the  tested  pigmented  films  of  some  synthetic 
film-forming  materials  grow  worse  fairly  rapidly  with  time. 

2.  These  films  are  Inferior  to  films  of  prepared  linseed  oil  In  point  of  • 
their  rapid  embrittlement i 

3.  The  films  In  some  samples  age  rapidly  Indoors  as  well  as  out  of  doors. 

4.  The  resins  react  rather  energetically  with  the  pigments  In  the  films. 

5.  The  unsatisfactory  qualities  of  the  aged  films,  as  far  as  their  mechanical 
properties  are  concerned  Is  not  an  unequivocal  Indication  of  the  operational 
properties  of  coatings  made  from  these  film- forming  materials. 


LITERATURE  CITED 

[ll  V.  S.  Kiselev.  Paint  Vehicles  and  lacquers,  3rd  ed.,  I83.  State  Chemical 
Press  (1940) 

[2l  A.  Ya.  Drlnberg.  The  technology  of  film-forming  substances,  4 10.  State 
Chemical  Press  (19487^ 

[3l  A.  V.  Pamfilofv  and  E.  G.  Ivancheva,  J.Appl.Chem.  20,  7,  676  (1947;. 

[4]  A.  Ya.  Drlnberg  and  A.  A.  Blagonravova,  J.Gcn.Chem  5,  126  (1935). 

(5l  A.  Ya.  Drlnberg,  Trans.  Lenlnpyad  Inst.  Tech.  l4,  7  (1947). 

[O]  G.  S.  Petrov,  B.  N.  Rutovsky  and  I.  P.  Losec.  The  technology  of  synthetic 
resins  and  plastics,  I83.  State  Chemical  Press  ( 1946 ) . 

(71  A.  V.  Pamfilov,  E.  G.  Ivancheva,  and  V.  P.  Granenova,  J.Arpl.Chem  22,  1.  87  (19'*9)- 
[81  A.  V.  Panfllovand  E.  G-  Ivancheva,  J.Appl.Chem.21 ,  2,  io4  (1948), 

Received  May  3#  1950* 


•*r- 


THE  \09iRIATIOH  OF  THE  VISCOSirY  OF  PHOTOGRAPHIC  EMULSIONS  AND  GELATIN  SOLUTIONS 
•  *  > '  -  WITH  TEMPERATURE 

M.  I.  Shar 

las'tltute  of  Motioa-Picture  £!iiglneerin^ 


There  la  extremely  little  to  be  found  In  the  technical  literature  on  the 
▼arlatlozi  of  the  viscosity  of  hlgh-molecul6ur  compounds  vlth  temperature^  despite 
the  tres^ndous  Importance  of  this  problem,  for  various  Industries  that  use  or  process 
hlgh-polymer  compounds. 

la  one  of  our  earlier  papers  [ll  we  managed  to  establish  the  temperature 
varlatloa  of  viscosity  of  concentrated  solutions  of  nitrocellulose  In  an  alcohol* 
ether  xsixtxire. 

We  vere  Interested  In  establishing  the  variation  with  temperature  of  the 
viscosity  of  solutions  of  gelatin  and  similar  photographic  emulsions,  which  are 
suspensions  of  a  silver  halide  In  water -gelatin  medium. 

Amon^  the  quantitative  expressions  for  the  viscosity  of  photographic 
emulsions  as  a  function  of  temperature,  only  one  Is  referred  to:  Bogomolov's 
[2],  whlcli  has  been  put  forward  In  the  following  empirical  formula: 


where Is  the  emulsion  viscosity  In  centlpolses;  t  Is  the  emulsion  temperature 
In  *C;  t  j  Is  the  gelling  point  of  the  emulsion  In  *0;  and  B  Is  a  constant 
that  Is  a®cnAracterlsttc  of  each  separate  emulsion. 

The  gelling  temperature,  t  .  Is  given  approximately  by  the  following 
temperature:  ' 

(2) 

where ^39  lJ«  the  viscosity  of  the  emulsion  In  centlpolses  at  39*C. 

According  to  Fedorov  [2],  this  formula  works  out  rather  well  In  practice; 
Deryagin  also  reports  that  It  Is  satisfactory  for  practical  purposes. 

Kotova  also  checked  the  applicability  of  Bogomolov's  empirical  formula  In 
the  30-^O*C  range,  finding  that  there  were  no  perceptible  departures  from  the 
Bogomolov  formula  at  temperatures  above  35 while  at  temperatures  below  that 
point  substantial  deviations  appear,  apparently  due  to  a  change  In  the  struc¬ 
ture  of  the  solution,  which  render  the  use  of  the  formula  Impossible. 

In  addition  to  the  limited  applicability  of  the  Bogomolov  formula,  another 
of  Its  disadvantages  Is  the  fact  that  the  constant  B  has  to  be  determined  anew 
for  every  emulsion  and  gelatin  solution. 

The  present  paper  represents  an  effort  to  establish  a  different  empirical 
relationship  between  viscosity  and  temperature  that  is  free  of  the  foregoing 
deficiencies. 


.  22.8  +  0.13t[39 
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Following  the  procedure  employed  in  the  plants  of  the  photographic  chem¬ 
ical  Industry,  we  measured  viscosity  In  relative  units,  using  the  Zhlmsky  vis¬ 
cosimeter.  The  principle  underlying  the  operation  of  this  viscosimeter  Is  the 
time  that  a  tube  of  special  design,  fitted  with  a  capillary  (Flg.l),  remains 
Immersed  In  the  test  liquid,  compared  to  Its  Immersion  time  In  water.  The 
research  lahoratory  of  the  Photo  Paper  Factory  No. 4  has  calculated  the  equiva¬ 
lents  of  Zhlmsky  degrees  (*2^1)  In  degrees  Engler  (*E)  in  centlpolses.  Their 
table  has  been  checked  by  Deryagln' auid  his  co-works,  using  an  Ubbelohde  visco¬ 
simeter,  and  found  to  be  suitable  for  use  In  preictlce. 

Using  this  table,  we  have  derived  the.  equation  Tcentlp  *  (j;  ('^centlp: 

'^Zh)  (Fig. 2)  and  derived  the  following  empirical  formula: 

.  .  ^tcentlp  •’Izh  (3) 

which  we  employed  to  convert  viscosity  from  degrees  Zhlmsky  to  centlpolses. 

In  the  first  series  of  test  we  measured  the  viscosity  of  photographic 
emulsions  In  the  30-40  *C  range,  the  viscosity  of  the  original  emulsions  being 
varied  at  Intervals  of  0.3*  Zh  by  means  of  suitable  dilution  with  water. 


Flg.l  Zhlmsky 
viscosimeter. 


Fig. 2.  'qcentlp  as  a 
function  of  the 


-  ratio. 

‘Zh 

A  -  viscosity  ("Zh;; 

B  - 

—  ^centlp 

ratio. 


Fig.  3-  The  equation  log'H* 

«  (tj  for  photographic 
emulslonsof  vau'lous  dilution. 
A  -  logarithm  of  viscosity; 

B  -  temperature,  *’C  -  Initial 
emulsion  viscosities.  In  cent* 
Ipolses:  1  -  5*8>  2  -  6.2, 

3  -  7*0,  4  -  7.7,  5  -  8.5, 

6  -  9.7,  7  -  11-0. 


Figure  3  shows  that  the  equation  logl]=  (tj  Is  a  straight  line  In  the 
35-4o'’C  range,  after  which  there  Is  a  discontinuity  In  each  curve,  followed  by 
another  straight  line  with  a  somewhat  greater  slope.  The  Intersections  of  these 
stralght-llne  sections  are  all  located  at  35-55. 5*C.  The  slopes  of  most  of  the 
right-hand  straight  lines  are  given  by  tangent  a  =  K  =  0.012-0.013  (Table  l), 
with  a  tendency  for  the  slope  to  drop  to  0.009-0.011  for  more  highly  viscous 


emulsions.  The  left-hand  sections  of  the  curves  have  a  slope  of  K  •  0.020, 
and  they,  too,  exhibit  a  tendency  for  the  slope  to  diminish  as  the  viscosity  of 
the  Initial  emulsions  rises.  The  left-hand  branch  of  the  curve  for  »  11.0 

fs  considerably  distorted,  possibly  owing  to  the  extremely  high  viscosities 
Involved  ('*1  >  l4  centlpolses  or  >18.5*  Engler),  which  parenthetically,  are  of 
no  practical  Importance  In  the  technology  of  photographical  chemical  manufacture. 

Ve  may  conclude  from  the  foregoing  that  In  the  cases  considered  the  poss¬ 
ible  occurrence  of  structural  phenomena  Involves  no  fundamental  violation  of  the 
temperature  variation  of  viscosity,  but  merely  Introduces  a  correction.  Involving 
a  greater  slope  of  the  curve. 

The  azialytlcal  Interpretation  of  the  curves  In  Pig.  3  makes  It  possible  to 
formulate  the  following  equation  for  each  Individual  branch: 

log  -  log  'Ta  *  K(ta  -  "ti)  (l^) 

•  10*  (5) 

where  'ijj^’and  'Ta  are  the  respective  viscosities  at  the  temperatures  and  ta,  and 
K  Is  the  sloi>e.  * 


TABI2  1 


Slope  Coefficient  of  the  log*n=:  ^  yt)  Curves 


Bo. 

Initial  emul¬ 
sion  viscosity, 
centlpolses. 

Slope  coefficients 

Ki  In  the 
35-40*C 
range . 

Ka  in  the 
30-35*C 
range . 

1 

5.8 

0.011 

0.023 

2 

6.2 

0.012 

0.022 

3 

7.0 

0.013 

0.021 

4 

7.7 

0.013 

0.020 

5 

8.5 

0.012 

0.012 

6 

8.7 

0.011 

0.017 

7 

11.0 

0.009 

0.025 

Taking  ta  as  ltO*C  (the 
standard  temperature  at  which 
viscosity  Is  measured),  the 
corresponding  viscosity 
'^2  *  *140  is  as  follows  for 
the  right-hand  branch  of  the 
curve : • 


.  inKi  (40  -  t). 

while  the  viscosity  for  the 
left-hand  branch  Is: 


'U  ■  '»i35 
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ta  (35  -  «)• 


(7) 


After  recomputing 
In  terms  of  ve  get  the 

following  equation  for  the 
left-hand  branch: 


(8) 


which  may  be  used  to  calculated  the  viscosity  at  any  temperature  once  we  know  the 
viscosity  at  40*  (if  we  are  to  caculate  the  viscosity  at  t  >35*#  ve  can  set 
Ki  »  I^). 

Taking  the  mean  values  of  Ki  and  Ks  from  the  curves  In  Fig.  3  (0.012  and 
0.020,  respectively,  we  get  Equations  (S;  and  (8)  In  the  following  forms: 

.  1ftO*4a  "  0*012t 
‘^t(t>35,  ’  "HO  •  ^0 

-  .  inO’^e  -  o»o2t 

-  "1«0  10 

Differentiating  Equation  (9)  yields  the  temperature  coefficient  of  visc¬ 
osity:  .  10®***®  '  o-oi2t  .0.012  dt 

^  ~  log  e  r 

but  since 


(9) 

(10) 
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ve  get 


^♦o-  10®*“®  •  o-oiat^ 


0.012 


.  0.028  Tt, 


l.e.,  the  temperature  coefficient  of  viscosity  Is  a  function  of .the  viscosity 
Itself^  a  change  of  1*  In  temperatxare  causing  an  Inverse  change  of  2.8^  In  vis¬ 
cosity.  For  temperatures  helow  35*^  the  corresponding  figure  Is 

This  problem  was  developed  still  further  In  research  undertaken  by  the 
author  In  conjunction  with  Kaplnos.  The  objective  of  the  research  was  to  make 
a  study  of  the  temperature  variation  of  viscosity  over  a  wider  temperature 
^ange,  and  to  define  the  factors  affecting  the  value  of  K. 

The'  research  was  done  on  gelatin  solutions  In  the  3^'71*C  range.  Of  all 
the  factors  that  may  affect  the  value  of  K,  we  chose  the  chromium  number  as  an 
Index  of  the  extent  to  which  the  gelatin  Is  hydrolyzed,  and  the  concentration 
of  the  gelatin  solution. 

The  characteristics  of  gelatin  solutions  are  given  In  Table  2  as  affect¬ 
ed  by  the  Initial  variables. 


TABLE  2 


TABLE  E 


Characteristics  of  Gelatin  Solutions 


Gel- 

•  . 

Solution  Concentration  > 

atln 

Chrom- 

5 

7 

9 

lUffl 

num¬ 

ber 

Zh 

Cen- 

tlp. 

Zh 

Cen- 

tlp- 

Zh 

Cen 

tip. 

3.4  3.5 

3.3 

6.4 

5.8 

10.5 

9.0 

2.4  4 

.1 

3.9 

7.6 

6.8 

12.8 

10.5 

1.0  15.9 

5.^ 

[11.1 

9.4 

17.4 

14.0 

Values  of  K  for  Various  Gelatin  Solutions 


Gel- 

Values  of  K 

atln 

Solution 

concentration,  ^ 

chro¬ 

mium 

num¬ 

ber 

5 

7 

9 

3.4 

2.4 
1.0 

0.0098 

0.0093 

0.0098 

0.0092 

0.009 

0.0092 

0.0090 

0.009 

0.0092 

Fig.  4.  log'ii=  vj#  (t)  for  gelatin  solu¬ 
tions  of  various  concentrations.  Gela¬ 
tin  chromium  number  =  3-4 
A  -  Logarithm  of  viscosity;  B  -  temper¬ 
ature,  *C.  Solution  concentrations, 
per  cent:  1-9;  2-7;  3-5- 


4 


Fig.  5-  log'Tj  =  <|/(t)  for  gelatin  solu¬ 
tions  of  various  concentrations.  Gela¬ 
tin  chromium  number  =  2.4 
A  -  Logarithm  of  viscosity;  B  -  temper 
ature,  *C.  Solution  concentrations, 
per  cent:  1-9;  2-7j  3-5- 
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^  n  Si  ^ 

Pig.  6.  logT*  (t)  for  gelation  solu-  Pig.  7-  log**)*  f  (tj  for  gelatin 

tlona  of  various  concentrations.  Gela*  solutloos  hardened  with  chrooe 

tin  chromium  number  »  1.0.  A  -  Logari-  alum.  A  Logarithm  of  viscos- 

thm  of  viscosity;  B  -  temperature,  *0.  Ity;  B  -  temperature,  *0.  1  - 

solution  concentrations,  per  cent:  Chromlom  number  2.k,  C  K  0.01 

1  -  9;  2  -  7;  2  -  5.  2  -  Chrcoiltim  number  C  lit,  K 

0.01. 

We  see  from  Figs.  U,  5,  and  6  that  the  linearity  of  the  function  log 
•  'f  (t)  previously  established  for  the  35-^*  range  also  applies  to  the  35-71* 
range.  As  for  the  values  of  the  constant  K,  It  exhibits  a  slight  tendency  to 
fall  vlth  rising  concentration  of  the  gelatine  solution,  as  Is  seen  In  Table  3* 

On  the  whole,  the  value  of  K  Is  close  to  0.01  In  every  case,  or  somewhat 
lower  than  the  previously  established  value  of  0.012. 

The  following  discussion  tells  us  whether  It  Is  atllowable  to  employ  mean 
values  of  K  and  the  precision  of  computation  required  In  calculating  this  co¬ 
efficient  to  satisfy  the  practical  demands  of  the  technology  of  applying  the 
emulsion  to  a  flexible  backing. 

In  the  equation  derived  by  Deryagln  for  the  thickness  of  applied  emulsion 
coatings  as  a  function  of  Its  governing  factors  [3],  viscosity  figures  as  a  fac¬ 
tor  with  an  exponent  of  2/5,  so  that  the  coating  thickness  Is 

H  -  (j;  ('Hi  ^  . 

Thickness  deviations  of  the  order  of  >5^  are  quite  tolerable  In  the  oper¬ 
ational  application  of  emulsion  coatings.  This  yields  the  following  allowable 
viscosity  deviation: 


On  the  other  hand,  from  Equation  (6j 
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-  KJ  )  (40  -  t) 

Cooputlzig  the  viscosity  for  a  temperature  that  differs  from  the  Initial 
figure  hy  5*,  we  get  **0  -  t  »  5/  and 

5(K[  -  K"  )  -  log  1.08  -  0.034 

or 

K'  -  K”  -  0.007 
1  1 

Eence^  even  If  we  take  the  extreme  values  of  K  secured  In  the  first  series 
of  tests  (Fig.  3)  fluid  In  the  second  series  (Figs,  U,  5  *od  6),  0.013  a^nd  0.009#  we 
get  a  A  K  «  0.004,  or  a  deviation  that  fully  satisfies  the  practical  require¬ 
ments.  In  general,  K  may  he  calculated  to  two  significant  figures. 

Since  hardened  emulsions  are  employed  In  practice,  we  also  tested  the  effcjct 
of  chrome  alum  In  the  gelatin  solution  upon  the  value  of  K.  No  change  In  K  was 
observed  (Fig.  7)- 

SUMMARY 

1.  The  variation  of  the  viscosity  of  gelatin  solutions  (photographic 
emulsions)  with  temperature  Is  linear  within  the  temperature  range  Investigated 
(30-71*0),  with  a  discontinuity  at  a  temperature  approximating  35*0. 

t 

2.  The  analytical  function  'tj  =  J;  (t)  for  each  branch  of  the  curve  may  be 
^expressed  by  the  exponential  formula: 

•  ^tx  -  ^ta-  10' 

resembling  the  one  previously  derived  for  solutions  of  nitrocellulose. 


3.  The  values  of  the  constant  K  may  be  taken  to  be  0.01  and  0.20,  respec¬ 
tively,  Yor  temperatures  above  and  below  35*.  On  the  basis  of  the  standard 
measurement  of  viscosity  at  4o*C,  we  can  recommend  the  use  of  the  following 
equations  for  practical  purposes: 


,0-40  -  0*0lt 


and 


*lt(t  >35)  =  ^40*  .  10 

'nt(t  <35)  =  lo®*"^  " 


or  the  following  numerical  values  of  the  temperature  coefficient  of  viscosity^ 

»  -  0.025'*t 


and 


±1 


35) 


^^(t 


-  -  0.05  **1 

4,  35) 
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THE  THERMAL  AND  THERMOHYDROLYTIC  DECCMPOSITION  OF  CELLULOSE 
ACETATE  AND  FILMS  MADE  THEREOF 

A.A.Fk*elinaa  and  V.A.Shcherl>alcova 

Chair  of  the  Technology  of  Motion-Picture  Film  Basea,  Leningrad 
Institute  of  Motion-Picture  Engineering. 


Investigating  the  processes  Involved  in  the  decomposition  of  cellulose 
acetate  by  hl^  temperatures  and  atmospheric  moisture  Is  of  considerable 
interest  from  the  practical  standpoint.  Once  we  know  the  extent  to  which 
these  factors  operate  on  cellulose  acetate,  and  how  they  do,  we  can  probe  more 
deeply  into  the  reasons  behind  the  changes  in  the  mechanical  and  other  proper¬ 
ties  of  cellulose  acetate  articles  during  use  and  can  work  out  a  rational  plan 
for  the  employment  and  storage  of  these  articles. 

There  is  extremely  little  to  be  found  in  the  literature  at  the  present 
time  on  the  decomposition  of  cellulose  acetate,  most  of  the  papers  dealing  with 
acetone-soluble,  so-called  secondary  cellulose  acetate  [1]. 

It  has  been  found  that  cellulose  acetate,  like  all  the  other  cellulose 
esters,  undergoes  thermal  and  hydrolytic  decomposition. 

It  is  decomposed  thermally  at  high  temperature,  as  the  result  of  a  re¬ 
distribution  of  the  static  energy  among  the  molecules.  This  redistribution 
causes  sosie  of  the  molecules  to  acquire  the  reserve  of  energy  necessary  for 
decomposition.  The  number  of  such  molecules  Increases  as  the  temperature  is 
raised,  thus  increasing  the  rate  of  thermal  decomposition. 

Hydrolytic  decomposition  occurs  In  the  presence  of  moisture,  being  the 
result  of  saponification  of  the  cellulose  ester.  Both  of  these  processes  lead 
to  destruction  of  the  cellulose  ester  and  a  change  In  the  degree  of  Its  ester¬ 
ification. 

The  present  paper  deals  with  an  Investigation  Into  the  changes  of  mole¬ 
cular  weight  and  the  acetyl  number  of  cellulose  acetate  during  Its  thermal, 
hydrolytic,  and  thermo -hydrolytic  decomposition. 

EXPERIMENTAL 

Characteristics  of  the  original  products.  We  investigated  cellulose 
triacetate  and  secondary  cellulose  acetate,  the  properties  of  which  were  as 
follows: 

Acetyl  Number  Molecular  Weight  Per  cent  Ash 


Cellulose  Triacetate 

62.2 

82,000 

0.0328 

Secondary  cellulose 
acetate 

55.2 

48,000 

0.195 

We  also  tested  films  of  cellulose  triacetate  and  secondary  cellulose  ace¬ 
tate.  The  formulas  employed  In  fabricating  the  films  were: 

I.  Cellulose  triacetate  8.91^  II«  Secondary  cellulose  acetate  12. 
M.ethylene  chloride  85.4^  Acetone 

Methanol  5-71^  Ethyl  alcohol  13. o> 
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The  cellulose  triacetate  and  the  secondary  cellulose  acetate  were  dried 
In  a  thermostat  at  100-105*  for  6  hours  to  remove  their  residual  moisture. 

The  residues  of  solvents  were  removed  from  the  films  by  washing  them  for  4o 
hours  In  distilled  water  and  then  drying  them  at  100-105  before  the  start  of 
the  test. 

Research  procedure.  The  molecular  weight  of  the  cellulose  acetate  was 
measured  vlscoslmetrlcally,  using  a  capillary  viscosimeter.  We  determined  the 
specific  viscosity  of  0.1^  solutions  of  cellulose  acetate  In  m-cresol^  and  then 
calculated  the  molecular  weight  from  the  following  formula  [2*12 


where  ^sp  Is  the  specific  viscosity  of  the  solution;  K  q  Is  a  constant  depend¬ 
ing  upon  the  solvent  and  the  solute,  being  6.5*10“^  for  cellulose  triacetate 
dissolved  In  m-cresol,  and  8* 10*4  for  secondary  cellulose  acetate  dissolved  In 
m-cresol;  and  Is  the  solution  concentration  In  moles  per  liter.  In  terms  of 
the  basic  hlgh-polymer  molecule  (the  chain  link).  Cjjj  was  for  the 

0.1^  solutions  of  cellulose  triacetate  we  employed  and  3*8Q*10“3  for  the  cor¬ 
responding  solutions  of  secondary  cellulose  acetate. 

Before  determining  the  molecular  weight  of  decomposed  samples,  we  elim¬ 
inated  the  acetic  acid  and  other  soluble  decomposition  products  by  washing  the 
cellulose  acetate  with  warm  distilled  water  and  alcohol,  followed  by  drying 
to  constant  weight  at  1CX)-105*.  Films  that  had  undergone  decomposition  were 
washed  for  hours  In  cold  distilled  water  and  then  dried  to  constant  weight 
at  100-105*.' 

The  acetyl  number  was  determined  by  the  usual  alkaline  saponification 
method.  Before  the  acetyl  number  was  determined,  the  cellulose  acetate  was 
subjected  to  the  same  preliminary  treatment  as  that  used  prior  to  the  determ¬ 
ination  of  the  moleculeir  weight.  In  determining  the  acetyl  number,  the  cell¬ 
ulose  triacetate  and  the  secondary  cellulose  acetate  were  dissolved  out  of  the 
film  and  precipitated,  the  cellulose  triacetate  being  precipitated  with  boiling 
water  from  a  1-2^  solution  in  methylene  chloride,  and  the  secondary  cellulose 
acetate  being  precipitated  with  cold  water  from  a  acetone  solution.  This 

method  of  precipitation  yields  the  loosest  and  most  readily  saponifiable  products 

Thermal  decomposition.  We  made  a  study  of  the  changes  In  the  molecular 
weight  and  acetyl  number  of  cellulose  triacetate  and  secondary  cellulose  acetate 
after  they  had  been  subjected  to  high  temperature  with  air  and  moisture  excluded. 

Separate  test  samples,  consisting  of  the  fibrous  triacetate,  the  powdery 
cellulose  acetate,  and  films  made  of  both,  were  placed  in  glass  tubes  from  which 
the  air  was  evacuated  until  the  residual  pressure  was  10“'*  mm  Hg.  Then  the 
tubes  were  sealed,  suspended  in  thermostats  at  80  and  l60*,  and  kept  there  for 
100,  200,  300,  and  600  hours,  with  the  exception  of  some  of  the  samples  of  the 
acetone-soluble  cellulose  acetate,  which  were  kept  at  l60*C  for  50,  100,  I50,  and 
2C0  hrs.  The  secondary  cellulose  acetate  was  not  heated  to  l60*  for  a  longer 
period,  since  its  outward  appearance  after  200  hours  indicated  that  it  had 
already  undergone  extremely  severe  decomposition  (browning  and  brittleness). 

The  molecular  weight  and  the  acetyl  number  of  the  triacetate  and  of  the  acetone- 
soluble  cellulose  acetate  were  measured  after  each  of  the  foregoing  Intervals 
of  time. 

The  results  of  our  investigations  are  shown  in  Figures  1,  2,  3#  and  k. 


■ ,.  /-t  ■ 
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Flg.l.  Change  la  the  mole¬ 
cular  weight  of  cellulose 
triacetate  as  the  result 
of  thermal  action. 

A)  Molecular  weight,  per 
cent  of  the  Initial  figure j 

B)  time,  hours,  l)  Initial 
cellulose  triacetate,  t  « 
80*C;  2)  Initial  cellulose 
triacetate,  t  »  l60*Cj 

3)  film,  t  -"80*C;  U)  film, 

t  *  i6o*cT 


tpo  XOiD0k09  ^6B0 


Fig. 2.  Change  In  the  mole¬ 
cular  weight  of  secondary 
cellulose  acetate  as  the 
result  of  thermal  action. 

A)  Molecular  weight,  per 
cent  of  the  Initial  figure; 

B)  time,  hours.  1)  Initial 
cellulose  acetate,  t  >  80*C; 
2)  film,  80*C;  3)  Initial 
cellulose  acetate,  t  «  l60*; 

film,  t  a  160*C." 


As  we  see  in 
Figures  1  and  3, 
the  molecular  weight 
and  the  acetyl 
number  of  cellulose 
triacetate  both  fall 
as  the  result  of  Its 
thermal  decomposi¬ 
tion.  As  ml^t  have 
been  expected,  the 
temperature  affects 
the  rate  of  thermal 
decomposition 
greatly. 

The  molecular 
weight  of  the 
cellulose  triacetate 
precipitated  from  a 
film  drops  faster 
than  that  of  the 
fibrous  cellulose 


to  3^3^  4O0J00 


Fig. 3*  Change  In  the  acetyl 
number  of  cellulose 
triacetate  as  the  result 
of  thermal  action. 

A)  Acetyl  number;  time, 
hours.  1)  film  at  8C*C; 

2)  Initial  cellulose 
triacetate  at  80*C;  3)  film 
at  l60*C;  If)  Initial 
cellulose  triacetate  at 
160*C. 


triacetate.  In 

measuring  the  molecular  weight  we  found  that  the  viscosity  of  a  O.15I  solution 
of  the  cellulose  triacetate  film  that  had  been  heated  to  l60*C  for  ^00  hours 
was  higher  than  that  of  a  solution  of  the  same  film  after  300  hoxirs  of  heating. 
Inasmuch  as  the  molecular  weight  cannot  rise  during  the  course  of  decomposition, 
the  Increase  In  viscosity  was  probably  due  to  a  change  In  the  solubility  of  the 
cellulose  ester  as  a  result  of  the  latter's  decomposition;  we  therefore  have 
drawn  this  section  of  the  curve  (Flg.l.)  as  a  dotted  line. 

Figure  3  shows 
that  acetic  acid  Is 
split  off  very 
slowly  during  the 
thermal  decomposi¬ 
tion  of  cellulose 
triacetate. 

It  Is  apparent 
from  the  curves  In 
Figures  2  and  4 
that  the  thermal 
decomposition,  of 
secondary  cellulose 
acetate  involves  a 
decrease  In  its 
molecular  weight 
and  acetyl  number. 
The  rate  of  thermal 
decomposition  of 

secondary  cellulose  acetate  rises  with  rising  temperature.  As  In  the  thermal 
decomposition  of  the  triacetate,  the  molecular  weight  of  the  powdery  secondary 
cellulose  acetate  drops  less  than  does  the  molecular  weight  of  the  secondary 
cellulose  acetate  In  film  form.  After  6OO  hours  of  heating  secondary  cellulose 
€u:etate  with  air  excluded,  we  again  found  that  the  viscosity  of  a  0.1^  solution 


XO  200i(?«  4C»  SOD&O 


Fig. 4.  Change  in  the  acetyl 
number  of  secondary 
cellulose  acetate  as  the 
result  of  thermal  action. 

A)  Acetyl  number;  B;  time, 
hours.  1)  film  at  80*C; 

2)  initial  secondary 
cellulose  acetate  at  80“C; 

3)  film  at  160*C;  4) 

Initial  secondary 
cellulose  acetate  at  l60*C. 
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in  O“cresol  is  higher  than  the  viscosity  after  300  hours  of  heating.  Acetic 
acid  Is  split  off  from  the  powdery  secondary  cellulose* acetate  at  a  faster 
rate  than  from  the  secondary  cellulose  acetate  In  the  shape  of  film. 

Hydrolytic  decomposition.  The  hydrolytic  decomposition  of  the  triacetate 
was  effected  at  room  temperature  by  the  action  of  air  with  a  relative  humidity 
of  Samples  were  taken  at  200,  kOO,  QOO,  1000,  and  1200  hours  after  the 

start  of  the  test  to  determine  the  molecular  weight  and  the  acetyl  number. 


The  acetone*soluble  (secondary)  cellulose  acetate  and  films  made  from  It 
were  likewise  subjected  to  the  action  of  air  with  a  relative  humidity  of 
the  test  samples  being  taken  after  200,  400,  dOO,  1000,  and  1200  hours.  The 
results  of  our  deteirminations  of  the  moleculcur  weight  and  acetyl  number  after 
hydrolytic  decomposition  are  shown  in  the  curves  of  Figures  5#  6,  7#  and  0. 


Pig. 5.  Change  in  the 
molecular  weight  of 
cellulose  triacetate 
during  hydrolytic 
decomposition. 
Relative  humidity  of 
the  air:  95^  at  20*C. 
a)  Molecular  weight, 
per  cent  of  the  ini¬ 
tial  figure;  B)  time, 
hours.  1)  Film;  2) 
initial  cellulose 
triacetate. 


Fig. 6.  Change  in  the 
acetyl  number  of 
cellulose  triacetate 
during  hydrolytic 
decomposition. 
Relative  humidity  of 
the  air:  95^  at  20®C. 
A). Acetyl  number;  B) 
time,  hours.  1)  Ini¬ 
tial  cellulose 
triacetate;  2)  film. 


As  we  see  in  Figures  3 
and  6,  the  molecular  weight 
of  cellulose  triacetate 
falls  as  the  result  of 
hydrolytic  decomposition. 

As  in  thermal  decomposition, 
the  molecular  we^ht  of 
fibrous  cellulose 
triacetate  drops  more  slowly 
than  that  of  the  cellulose 
triacetate  in  the  shape  of 
film.  The  viscosity  is 
Increased  after  1000  hours 
of  heating.  The  acetyl 
number  of  cellulose  triacetate 
is  practically  unaffected  by 
hydrolytic  decomposition. 

As  we  see  in  Figures  7 
and  8,  the  molecular  weight 
and  the  acetyl  number  of 
secondary  cellulose  acetate 
eire  diminished  as  the  result 


of  hydrolytic  decomposition. 


The  secondary  cellulose  acetate  in  powder  form  is  saponified  somewhat 
faster  than  when  it  is  in  film  form. 


Thernohydrolytic  decomposition  Samples  of  cellulose  triacetate,  secondary 
cellulose  acetate,  and  of  films  made  from  them  were  kept  at  30*C  and  at 
relative  humidities  of  l8,  ^Q,  and  95^  to  determine  the  effect  of  high 
temperature  at  different  values  of  relative  humidity.  Samples  were  taken  at 
100,  200  ,  3^#  and  400  hours. 

The  results  of  our  determinations  of  molecular  weight  and  acetyl  number 
are  shown  in  the  curves  of  Figures  9,  10,  11,  and  12, 

As  we  see  in  Figures  9,  10,  11,  and  12,  there  is  no  clearly  marked 
variation  of  the  molecular  weight  and  acetyl  number  with  the  relative  humidity 
of  the  air,  though,  as  we  see  in  Figure  5#  the  molecular  weight  drops  somewhat 
more  slowly  at  a  relative  humidity  of  95*3^  than  at  the  relative  humidities  of 
lo  and  58^*  As  in  thermal  and  hydrolytic  decomposition,  the  viscosity  of  0.1^ 
solutions  of  cellulose  triacetate  in  m-cresol  was  increased  after  300  hours  of 
thermohydrolytical  decomposition  at  relative  humidities  of  10  and  58^. 
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Flg.7.  change  In  the 
molecular  weight  of 
secondary*  cellulose 
acetate  during 
hydrolytic  decomposi¬ 
tion.  Relative 
humidity  of  the  air: 

95^  at  20*C. 
a)  Moleculeir  weight, 
per  cent  of  the 
Initial  figure;  B) 
time,  hours.  1)  film; 
2)  Initial  secondary 
cellulose  acetate. 


Fig. 9*  Change  In  the  mole¬ 
cular  weight  of  cellulose 
triacetate  during  thermo- 
hydrolytic  decomposition. 
Temperature:  80*C.  • 

A)  Molecular  weight,  per 
cent  of  the  Initial  figure; 

B)  time,  hours.  2,  and 
k  —  Initial  cellulose 
triacetate;  1,  5>  and  6 
film.  Relative  humidity, 
per  cent:  1  -  l8;  2  -  585 

3  -  18;  4  -  95;  5  -  58i 
6-95. 


The  greatest 

saponification  of  the  secon- 
dary  cellulose  acetate 
occurred  at  a  relative 
humidity  of  the 

Ho  cellulose  acetate  In  powder 

Flg.8.  Chknge  In  the  ««Ponlfleil 

acetyl  number  of  ?*  -  «i*’*'**ui'*  **'*■,■1 

secondary  cellulose  cellulose 

acetate  during  triacetate,  secondary  cellulose 

hydrolytic  decomposl- 

.tlon.  Belatlve  ^ 

humidity  of  the  air.  !f 

95I  at  20*C  vere  decomposed  thermally, 

A)  Acetyl  number;  B)  decomposition 

time,  hours.  1)  film; 

2)  Initial  secondary  The  molecular  weight  and 

cellulose  acetate.  the  acetyl  number  of  cellulose 

triacetate  and  of  secondary 
cellulose  acetate  fell  during 
thermal  decomposition.  The 
ccstructicnof  the  cellulose  triacetate  and  the 
secondary  cellulose  acetate  In  a  film  was 
faster  than  that  of  the  fibrous  cellulose  • 

triacetate  or  of  the  powdery  secondary  cellulose 
acetate.  • 

Cellulose  esters  decompose  very  fast  In 
solutions,  and  since  the  films  are  solid 
solutions  [2],  the  destruction  of  cellulose 
acetate  Is  greater  In  the  films  than  in  the 
initial  products. 

# 

The  fact  that  cellulose  acetate  In  films 
Is  saponified  more  slowly  than  the  Initial 
cellulose  acetate  is  likewise  due  to  the 
greater  ability  of  ^olid  st)lu£ions,  i.e. ,  the 
films,  to  absorb  and  retain  acetic  acid  than 
is  exhibited  by  fibrous  solid  products. 

The  rate  of  thermal  decomposition  of 
cellulose  acetate  drops  off  as  the  deg:iee  of  Its 
acetylation  rises,  the  triacetate  proving  to 
be  much  more  stable  than  the  acetone-soluble 
cellulose  acetate. 


riim.  ueiacive  numiuity,  investigation  of  the  hydrolytic 

per  cent:  1  -  18;  2  ”  58?  decomposition  of  cellulose  triacetate  and  of 

5  “  ^  ””  95?  5  ”  5°J  secondary  cellulose  acetate  has  shown  that 

^  ”  95-  the  action  of  highly  moist  air  at  room 

temperature  causes  a  reduction  in  the  molecular 
weight  of  cellulose  triacetate  and  of  secondary  cellulose  acetate  and  a 
saponification  of  the  secondary  cellulose  acetate.  As  was  the  case  in  thermal 
decomposition,  the  destruction  of  the  cellulose  triacetate  is  more  rapid  in 
film  form  than  in  the  fibrous  cellulose  triacetate.  The  same  behavior  pattern 
was  not  found  in  the  hydrolytic  decomposition  of  secondary  cellulose  acetate. 
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0  "Si  i»S 

Fig.  10-  Change  In  the 
acetyl  number  of  cellulose 
triacetate  during  thenao- 
hyJriljrtlc  dccoopoLltlon. 
Tcnperaturei  80“C.  Aj 
Acetyl  number;  B)  time, 
hours.  1,  2,  and  U  - 
■■Initial  cellulose 
triacetate.  3>  5f  und  6  - 
film.  Relative  humidity, 
per  cent:  1  -  l8,  2  -^8, 

5  -  18,  U  and  5  -  95,'  ■ 

6-58- 


Here,  too,  the  film  of  secondary  cellulose 
acetate  Is  saponified  more  slowly  than  the 
powdery  secondary  cellulose  acetate. 

The  action  of  air  containing  v^lous 
percentages  of  relative  humidity  at  80®C  results 
In  the  thermohydrolytlc  decomposition  of 
cellulose  acetate.  Ve  did  not  find  any  distinct 
Influence  of  the  relative  humidity  of  the  air 
upon  the  molecular  weight  of  cellulose  acetate. 

But  It  Is  true  that  the  destruction  was  greatest 
at  relative  humidities  of  l8  and  58^^-  Th*  slower 
rate  of  destruction  at  a  relative  humidity  of  95^ 
may  be  due  to  an  Increase  In  the  hygroscopic Ity  of 
the  cellulose  acetate  as  the  air's  relative 
humidity  rises,  resulting  In  a  dilution  of  the 
acetic  acid  produced  during  decomposition  and  a 
diminution  In  its  destructive  action.^  Humidity 
was  observed  to  affect  the  rate  of  saponification 
only  In  our  Investigation  of  the  decomposition  of 
secondary  cellulose  acetate.  We  found  that 
secondary  cellulose  acetate  was  saponified  most 
at  a  relative  humidity  of  95^/  secondary  cellulose 
acetate  being  most  readily  saponified  In  powder  form. 


Fig.  11.  Change  in  the  molecular  wel^it 
of  secondary  cellulose  acetate  during 
thermohydrolytlc  decomposition. 
Temperature:  80®C. 
a)  Molecular  weight,  per  cent  of  the 
Initial  value;  B)  time,  hours.  1,  2, 
and  5  “  Initial  secondary  cellulose 
acetate;  3,  U,  and  6  -  film.  Relative 


Fig. 12.  Change  In  the  acetyl  number 
of  secondary  cellulose  acetate 
during  thermohydrolytlc  decomposi¬ 
tion.  Temperature:  80*C. 

A)  Acetyl  number;  B)  time,  hours. 

1,  U,  5,  and  6  -  Initial 
secondary  cellulose  acetate;  2  and 
3  -  film.  Relative  humidity,  per 
cent;  1  and  2  —  58;  3  and  ^  ”  I8; 

5  and  6—95- 


humidity,  per  cent:  1  -  I8;  2  -  58; 

3  ~  18;  U  -  58;  5  and  6-95. 

The  decrease  in  the  rate  of  destruction  of  a  cellulose  ester  as  the 
atmospheric  humidity  Is  raised  may  also  be  due  to  a  decrease  In  the  partial 
pressure  of  oxygen  when  water  vapor  Is  present. 


858 


The  aecondary  cellulose  acetate  was  much  more  saponified  than  the  • 
cellulose  triacetate^  while  the  molecular  weight  of  cellulose  triacetate 
dropped  faster  than  that  of  the  secondary  cellulose  acetate. 

Prolonged  thermal,  hydrolytic,  and  thermohydrolytlc  decomposition  of 
cellulose  triacetate  and  of  secondax*y  cellulose  acetate  caused  an  Increase  In 
the  viscosity  of  0.15^  solutions  of  the  test  samples  In  m^cresol.  Inasmuch  as 
the  actual  molecular  weight  cannot  rise  during  decomposition,  the  rise  In 
viscosity  may  be  due  to  a  change  In  the  solubility  of  cellulose  acetate  In 
m-cresol  as  the  result  of  a  change  In  Its  chemical  properties  during 
decomposition,  so  that  we  may  assume  that  the  formula  employed  In  calculating 
molecular  weight  cannot  be  employed  in  this  case. 

8UWARY 

1.  Thermal  decomposition  Involves  a  decrease  In  the  molecular  wel^t  and 
the  acetyl  number  of  cellulose  triacetate.  The  destruction  of  cellulose 
triacetate  and  of  secondary  cellulose  acetate  Is  faster  In  the  shape  of  film 
than  when  the  cellulose  triacetate  was  In  fibrous  form  and  the  secondary 
cellulose  acetate  was  a  powder.  The  acetyl  number  of  fibrous  cellulose 
triacetate  and  powdery  secondary  cellulose  acetate  drops  off  much  faster  than 
the  acetyl  number  of  these  substances  In  the  shape  of  film.  Secondary 
cellulose  acetate  was  decomposed  more  by  thermal  action  than  was  cellulose 
triacetate. 

2.  Hydrolytic  decomposition  Involves  the  destruction  of  cellulose 
triacetate  and  of  secondary  cellulose  acetate  and  the  saponification  of 
secondaury  cellulose  acetate.  Cellulose  triacetate  Is  destroyed  more  rapidly 
in  film  form  than  In  fibrous  form.  Secondary  cellulose  acetate  Is  saponified 
more  readily  than  secondary  cellulose  acetate  In  the  shape  of  a  film. 

Cellulose  triacetate  Is  not  saponified  during  hydrolytic  decomposition,  which 
is  evidence  that  Is  has  higher  chemical  stability  than  secondary  cellulose 
acetate. 

3.  Cellulose  triacetate  and  secondary  cellulose  acetate  are  destroyed 

and  saponified  during  thermohydrolytlc  decomposition.  The  greatest  destruction 
of  cellulose  triacetate  occurred  at  relative  humidities  of  l8  and  The 

effect  of  atmospheric  humidity  upon  the  saponification  rate  Is  manifested  in 
the  decomposition  of  secondary  cellulose  acetate.  Secondary  cellulose  acetate 
Is  saponified  most  at  a  relative  humidity  of  Secondary  cellulose  acetate 

Is  saponified  more  rapidly  in  powder  form  than  In  film  form. 
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IMPREGNATING  FABRICS  WITH  INDIVIDUAL  LIQUIDS  AND  SOLUTIONS  OF  EMULSIFIERS^ 


8.  S.  Voyutalsy  and  Ya.  M.  Yabko 

At  the  present  time.  Impregnating  fabrics  vlth  aqueous  dispersions  of 
hydrophobic  substances  Is  widely  employed  In  the  textile  Industry  to  reader 
fabrics  waterproof.  In  the  synthetic -leather  Industry  to  produce  artificial 
leather,  linings,  euid  the  like.  In  rubber  technology  to  Impregnate  cord,  and 
so  forth.  Despite  the  tremendous  practical  Importance  of  Impregnation  with 
aqueous  dispersions,  little  research  has  been  done  on  the  mechanism  Involved. 
There  are  only  a  few  papers,  chiefly  by  Soviet  reseeurchers,  dealing  with  the 
phenexnena  that  occur  when  a  dispersion  penetrates  Into  a  fabric  [1,  2',  3,  b, 

5/  6,  7]. 

One  of  the  reasons  why  so  little  research  has  been  done  on  the  mechanism 
of  Impregnation  Is  the  fact  that  aqueous  dispersions  of  hydrophobic  sixbstances 
are  complicated  colloidal  or  mlcroheterogeneous  systems.  It  Is  quite  obvious 
that  numerous  factors  must  affect  the  Impregnation  process;  particle  size, 
the  viscosity  of  the  impregnating  fluid,  the  aggregation  and  sorption 
Instability  of  the  dispersion,  the  surface  tension  and  the  wetting  power  with 
respect  to  the  fabric,  etc.,  which  greatly  complicate  the  analysis  of  the 
picture  we  see  In  the  penetration  of  the  fabric  by  a  dispersion. 

The  present  paper  reports  on  an  attempt  to  explore  the  mechanism  Involved 
In  the  Impregnation  of  fabrics  by  the  simpler  systems:  individual  liquids  and 
solutions  of  comparatively  low  viscosity.  There  Is  no  reason  to  expect  a 
plugging  of  the  capillaries,  retarding  or  altogether  stopping  the  penetration 
of  the  liquid  Into  the  fabric,  because  of  the  molecular  dispersion  and  hi^ 
aggregation  stability  of  these  systems.  The  viscosities  are  also  far  from  great 
and  are  not  far  from  one  another,  so  that  the  viscosities  cannot  be  the  reason 
for  the  different  Impregnating  properties  of  the  individual  liquids  and 
solutions. 

Hence,  the  Impregnating  ability  of  individual  liquids  and  solutions  Is 
evidently  determined  by  purely  thermodynamic  factors  alone,  which  are  governed 
In  turn  by  the  free  energies  of  the  veirious  Interphase  surfaces  present 
within  the  system. 

The  importance  of  surface  tension  as  a  controlling  factor  In  Impregnating 
properties  is  a  matter  of  common  knowledge.  The  surface  tension  at  the  surface- 
air  boundary  has  been  long  considered  In  practice  the  basic  index  of  the 
Impregnating  and  wetting  properties  of  liquids.  [8] 

Yc  the  widely  held  notion  that  surface  tension  Is  the  sole  factor 
controlling  vetting  is  found  to  be  wrong  when  the  problem  is  gone  into  more 
deeply. 

Genln  [9j  and  Flint  [10]  have  pointed  out  that  there  Is  no  complete 
agreement  between  the  wetting  power  and  surface  tension  of  latexes  (rubber 
dispersions J ,  widely  employed  in  impregnating  fabrics.  The  Inadequacy  of 

TJ  Report  1  of  a  series  on  the  Impregnation  of  fabrics  with  aqueous 
dlspe:“cior.s  of  hydrophobic  substances. 
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surface  tension  as  the  sole  criterion  of  Impregnating  prox>ertle8  Is 
demonstrable  from  purely  theoretical  considerations. 

As  a  matter  of  fact,  the  surface  tension  of  the  Impregnating  liquid  at 
the  llquld^lr  boundary  Is  only  one  of  the  three  forces  operative  In  the 
vell-knovn  equation  for  the  contact  angle  and,  hence,  the  wettability  of  tlie 
given  substance: 


cos 


^23  T.Ss 


rixa 


where  0*23  Is  the  surface  tension  at  the  air—solld  boundary,  <Ti3  the  surface 
tension  at  the  liquid-solid  boundary,  and  vTia  that  at  the  alr-llquld  boundary. 

But  If  this  Is  so,  then  the  ability  of  the  liquid  to  be  absorbed  by  the 
fabric  does  not  depend  upon  Oiz  alone,  but  CJi3  and  O23  as  well,  since  In 
the  usual  conditions  of  Impregnation  a  liquid  can  penetrate  only  Into  those 
capillaries  whose  walls  are  wetted,  more  or  less,  by  the  liquid. 

The  foregoing  would  lead  one  to  suppose  that  the  Index  of  the  Impregnating 
ability  of  latexes  Is  the  wetting,  defined  as  the  cosine  of  the  angle  of  contact 
formed  by  a  drop  of  the  liquid  upon  the  material  [11].  There  was  even  more 
reason  to  assume  that  the  impregnating  ability  of  a  latex  was  related  to  the 
wetting  work:  the  work  of  immersiou  W,j,  =»  or23  “  CI3  *  Oi2*cos  0  ;  the  work  of 
spreading  Wg  *  W*  —  Ci2  =*  Cia  (ccz  -  —  1);  and  the  work  of  adhesion  * 

»  Wji  -f  Jx2  *  ri2  tcos  1).  These  varieties  of  work,  though  they  may  not  be 
characteristic  of  tnt  kinetics  of  wetting  or  Impregnating  processes,  may 
reflect  the  general  trend  or  direction  of  these  processes.  As  a  matter  of 
fact,  our  previous  investigations,  made  with  synthetic  latexes,  have  shown  that 
thv?  angle  of  contact  and  ^he  work  of  wetting  are  fair  Indexes  of  impregnating 
ability.  • 

In  the  present  research  we  have  endeavored  to  determine  the  extent  to  which 
the  impregnating  properties'  of  liquids  correspond  to  their  surface  tensions, 
wetting,  and  "work  of  wetting  with  respect  to  fabrics,  testing  in  a  large  number 
of  examples  of  systems  that  obey  the  laws  of  thermodynamics. 

,  •  •  •  • 

EXPEHD4ENTAL 

Research  ob.jects  and  procedures.  The  Impregnating  liquids  used  were 
water-alcohol  mixtures  and  various  nonviscous  organic  liquids,  as  well  as 
aqueous  solutions  of  the  emulsifiers  most  often  employed  in  preparing 
Impregnating  dispersions >  sodium  oleate,  Nekal  (the  sodium  salt  of  an 
alkylnaphthalene sulfonic  acldj,  and  ammonium  caseinate.  Solutions  containing 
0,05,  0.15,  O.U,  and  1.5^  of  the  given  emulsifier  were  used  in  the  research. 

It  was  impossible,  unfortunately,  to  use  equiraolecular  solutions  of  the 
emulsifiers  for  Impregnating,  as  we  did  not  know  the  molecular  weight  of  the 
Rekal  or  of  the  ammonium  caseinate.  ’ 

The  material  to  be  Impregnated  was  a  tliree-ply  cotton  fabric,  kersey, 
whose  tightness  of  weave  made  it  a  partioolarly  suitable  material  for  investigating 
the  liquid's  penetration  into  the  fabric. 

The  impregnating  ability  was  determined  by  the  so-called  "wet  gain  in 
weight"  method,  described  at  length  by  us  elsewhere  [12],  which  involves  the 
determination  of  the  added  weight  of  the  sample  after  standing  in  the 
-Impregnating  bath  for- a  given  length  of  time. 

The  surface  tension  at  the  ali— liquid  Interface  was  measipred  with  a 
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tensiometer.  Involving  the  detaching  of  a  ring  from  the  surface. 

The  angle  of  contact  was  determined  h/  placing  a  drop  of  the  test  liquid 
on  the  surface  and  projecting  the  drop  on  a  screen  as  described  In  the  papers 
by  Beblnder  [13l  and  Kazaurovltsky  [14],  It  was  Impossible  to  measure  the 
contact  angle  on  the  fabric  directly  because  of  the  fabric's  roughness, 
resulting  In  high  hysteresis  and  In  caplllai^r  rise,  distorting  the  results  of 
measurement.  We  therefore  had  to  employ  a  conventional  surface  the  properties 
of  which  resembled  that  of  cellulose. 

The  researches  caurrled  out  In  our  laboratory  Indicated  that  nitrocellulose 
film  was  the  most  suitable  surface  for  this  purpose.  The  contact  angles  of  the 
liquids  at  the  nltro  film  eire  close  to  the  contact  angles  formed  on  native 
cellulose.  Moreover,  it  Is  extremely  easy  to  prepare  this  film  from  ordinary 
collodion,  and  It  possesses  a  perfectly  smooth  surface 

Notwithstanding  the  closeness  of  the  contact  angles  formed  by  the  liquids 
on  the  nitrocellulose  film  and  on  cellulose,  we  must  stress  the  nominal  nature 
of  the  wetting  values  and  of  the  work  of  Immersion,  spreading,  and  adhesion 
cited  below.  We  believe,  however,  the  use  of  these  figures  Is  fully 
permissible  In  the  present  research,  the  purpose  of  which  Is  solely  to  find 
qualitative  regularities.  There  Is  no  reason  to  believe  that  If  the  drops 
were  applied  to  the  fabric,  the  wetting  ability  of  the  liquids  would  lie  In 
a  different  sequence  than  that  found  when  the  drops  were  applied  to  the 
nitrocellulose  film. 

Tests  of  Individual  liquids.  The  flgiores  on  the  impregnating  ability  of 
different  liquids,  together  with  data  on  their  surface  tension,  wetting 
ability,  and  wetting  work,  are  given  in  Table  1.  The  figures  are  arranged 
In  the  order  of  increasing  impregnating  ability.  Since  liquids  of  different 
specific  gravity  were  employed  in  this  series  of  tests,  the  added-welght 
results  have  been  recalculated  as  volumetric  relationships,  expressing  the 
ratio  of  the  volumes  of  liquid  and  water  absorbed  during  Impregnation. 

TABLE  1 


Properties  of  Impregnating  Liquids 


Impregnating 

liquid 

Wet  gain 
in  weight. 

Surface 

tension. 

Wetting 

Work  of  wetting 
cm^. 

*•,  ergs  per 

recalculated 
as  volu¬ 
metric 
relationfWps 

ergs  per 
cm^ 

Wt 

Wsp 

'^A 

Water . 

1.0 

72.75 

0.309 

-*•22.5 

-50.6 

'^95.3 

Alcohol '.water 
=  1:6 . 

3.8 

48.6 

0.559 

+27.0 

-21.5 

+75.8 

Methyl 

methacrylate 

7.3 

28.1 

0.989 

+27-8 

-  0.3 

+56.0 

Acetic  acid. . . .  - 

8.0 

29-5 

0.872 

+25.7 

-  3.7 

+55.2 

Alcohol: water 
=  1:2 . 

8.4 

37.0 

0.832 

-h30.8 

-  6.2 

+67.9 

Acetone . 

8.7 

25.8 

0.920 

+23.7 

-  2.1 

■^9.5 

Xylene . 

9.0 

29.3 

0.990 

+29.0 

-  0.3 

.58.5 

Oleic  acid . 

9.4 

34.7 

0.966 

+33.6 

-  1.2 

+68.2 

Alcohol . 

9-5 

25.6 

0.974 

+24.9 

-  0.7 

+60.5 

^')  In  this  table,  as  in  the  subsequent  ones,  the  plus  sign  (■*■)  denotes  work  done 
by  the  system,  while  the  minus  sign  (— )  denotes  work  that  has  to  be  done  on  the 
system  to  create  the  surface  In  question. 
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Vr  ace  In  Table  1  that  no  one  characteristic  corresponds  to  Impregnating  ability., 
nevertheless,  ve  do  see  that  there  la  a  distinct  tendency  for  the  Impregnating 
properties  of  a  liquid  to  Improve  as  the  surface  tension  diminishes,  the  vetting 
Increases,  and  the  absolute  values  of  the  negative  work' of  spreading  diminish. 

Tests  of  emulsifier  solutions.  The  findings  on  the  Impregnating  ability,  tne 
surface  tension,  the  vetting,  and  the  work  of  wetttlng  of  solutions  of  Nekal,  sodium 
oleate,  and  ammonium  caseinate  are  tabulated  In  Table  2. 

TABLE  2 


Impregnating 

liquid 


Solution,  > 


Sodium  oleate 
solution,  ^ 


Caseinate 
solution,  ^ 


Properties  of  Aqueous  Solutions  of  Emulsifiers 


0.05  •• 

2.7 

0  15  .. 

4.4 

0.40  . 

5.2 

1.50  .. 

8.4 

0.05  .. 

1 J4 

0.15  .. 

1.5 

0.40  .. 

1.6 

1.50  . .  : 

2.1 

Wetting 


Work  of'  vetting,  ‘ 
ergs  per  cm* 


40.9 

0.616 

+25.2 

-15.7 

+66.1 

38.5 

0.879 

+33.8 

-  4.6 

+72.4 

35.9 

1.000 

t35-9 

0 

+71.8 

37.5 

0.500 

-♦■18.7 

-18.7 

+56.3 

31^.1 

0.653 

+22.7 

-11.8 

+56.9 

33.3 

0.866 

+28.8 

-  4.5 

+62.1 

32.3 

0.875 

+28.2 

-  4.0 

+60.5 

48.0 

0.391 

+18.8 

-29.3 

+66.7 

46.8 

0.500 

+25.4 

-23  4 

+70.2 

46.0 

0.533 

+24.5 

-21  5 

+70.5 

43.8 

0.612 

■H26.8 

-17.4 

^70.6 

Table  2  indicates  that  there  Is  complete  correlation  between 
the  Impregnating  ability,  on  the  one  hand,  and  the  surface  tensions,  the  wetting, 
and  the  work  of  spreading,  W^p^,  on  the  other  for  all  three  emulsifiers. 

The  correlation  between  the  Impregnating  ability  and  the  work  of  immersion 
and  the  work  of  adhesion  is  poor. 

Table  2  likewise  enables  ua  to  Infer  the  surface  activity  of  various 
emulsifiers.  As  might  have  been  expected,  amonlum -caseinate,  which  Is  a 
colloidal  emulsifier,  exhibits  the  least  activity. 

Tests  of  solutions  of  two  emulsifiers  In  addition  to  the  tests  of  solutions 
of  Individual  emulsifiers,  we  also  ran  tests  of  solutions  of  two  emulsifiers,  the 
concentration  of  one  being  held  constant  while  that  of  the  other  was  varied. 

The  data  on  the  variation  of  the  impregnating  properties,  the  surface 
tension,  the  wetting,  and  the  work  of  vettir.j^  of  two-emulsifier  solutions  with 
the  concentration  of  one  of  them  are  given  in  the  shape  of  curves  In  Figs.  1,  2,  and 


As  the  figures  Indicate,  there  Is  often  no  correlation  between  surface 
tension  and  Impregnating  ability  when  fabrics  are  Impregnated  with  solutions  of 
two  emulsifiers.  When  small  amounts  of  Nekal  are  added  to  a  solution  of 
ammonium  oleate,  for  Instance,  there  Is  practically  no  change  In  the  surface 
tension,  while  the  Impregnating  properties  of  the  solution  sure  Improved  considerably* 
The  same  thing  happens  when  ammolnum  caseinate  Is  added  to  a  solution  of  sodium 
oleate.  In  this  latter  case  the  surface  tension  Is  even  Increased  somewhat-. 

There  Is'poor  correlation  between  the  Impregnating  ability  of  solutions  and 
the  work  of  Immersion  or  of  adhesion  (cf,  for  example,  the  curves  for  the  tests 
In  which  Nekal  and  sodium  oleate  were  added  to  a  caseinate  solution). 

The  heat  correlation  Is  observed  between  impregnating  ability  and  wetting 
or  the  work  of  spreading. 

Evaluation  of  Results 

As  has  been  stated  above,  although  some  correlation  has  been  found  between 
surface  tension,  wetting,  and  the  work  of  wetting,  on  the  one  hand,  and  the 
Impregnating  properties,  on  the  other.  In  our  tests  of  impregnation  with  individual 
organic  substances,  this  correlation  was  Incomplete.  The  reason  for  this  is  that 
wholly  different  liquids  were  used  in  these  tests.  Some  of  these  liquids  sure 
undoubtedly  able  to  dissolve  the  incrusting  substances  and  fats  on  the  surface  of 
a  natural  fiber,  while  others  can  act  upon  cellulose,  causing  it  to  swell.  Last 
the  viscosity  of  the  liquids  used  in  Impregnating  differed.  Thus,  there  is  no 
doubt  that  extraneous  factors  affected  the  thermodyr.amical  picture  of  impregnation 
In  these  instances. 

A  much  better  correlation  between  impregnation  and  the  Indexes  we  are 
Interested  in  was  observed  in  the  experiments  using  emulsifier  solutions.  We 
found  that  a  diminution  of  surface  tension  and  an  Increase  in  wetting  always 
corresponded  to  an  Improvement  in  impregnation  in  each  series  of  tests.  The  most 
striking  correlation  with  the  impregnating  properties  of  these  solutions  was 
exhibited  by  the  work  of  spreading. 

The  problem  of  the  correltalon  of  the  Indexes  is  more  complicated  when  we 
are  dealing  with  impregnation  with  solutions  of  two  emulsifiers .  As  we  have 
seen,  the  only  Instance  in  which  correlation  was  satisfactory  was  that  between 
the  Impregnating  properties  and  the  work  of  spreading.  The  reason  for  this  is 
obviously  that  the  two  emulsifiers  may  differ  in  their  ability  to  be  adsorbed  at 
the  air  -  liquid  or  liquid  —  solid  surface.  Natuirally  enough,  the  values  of 
the  surface  energies  at  the  interfaces  and,  hence,  the  Impregnating  properties 
may  vary  when  the  quantitive  ratio  between  the  emulsifiers  in  the  solution  are 
changed.  When  this  is  so,  the  only  Indexes  that  will  exhibit  any  correlation 
with  the  impregnating  properties  will  be  those  which  directly  control  the  liquid  s 
Impregnating  properties. 

We  calculated  the  respective  correlation  coefficients,  using  the  methods 
of  elementary  statistlcs,to  find  the  Indexes  of  the  individual  liquids  of  the 
emulsifier  solutions,  and  of  their  combinations  that  exhibited  the  best  correlation 
with  Impregnating  ability.  Our  calculations  indicated  that  the  work  of  spreading 
exhibits  the  best  correlation.  Good  correlations  likewise  exist  between  impregnat¬ 
ing  properties  and  wetting.  The  coefficient  of  correlation  between  impregnating 
properties  and  surface  tension  is  much  poorer,  not  exceeding  O.5  In  some  Instances. 
The  worst  correlation  with  Impregnating  ability  is  displayed  by  the  work  of 
immersion  and  the  work  of  adhesion. 

This  conclusion  that  the  work  of  spreading  exhibits  the  best  correlation  with 


Pig.  1.  Effect  of  sodium  oleate  and  Fig.  2.  Effect  of  Nekl  and  ammonium  case- 
ammonium  caseinate  uoon  the  Impregnat-  Inate  upon  the  Impregnating  properties,  the 
Ing  properties,  the  acos6,  the  W  ,  (Tcos  0,  the  W  ,  the  *■ 

the  W  ,  and  the  W  of  a  0.05^  Nekal  0.05^  solution  of  sodium^oleate. 

solutf8n.  ^ 

A  -  Wet  gain  In  weight,  recalculated 
as  volumetric  ratios;  B  ~  surface 
tension,  ergs  per  sq  cm;  C  -  wetting, 

COS0;  D  -  work  of  wetting,  ^rgs  per 
sq  cm:  l”-  W^;  II  -  W  ;  III  -  W^; 

E  -  Concentration,  ^  r-  ammonium  casein¬ 
ate;  2  -  Kekal. 


Impregnating  properties  Is  at  variance  with  the  findings  previously  secured  by 
one  of  the  present  authors  which  Indicated  a  correlation  between  Impregnating 
ability  and  the  work  of  lmrr.?rslon.  The  conclusion  reached  in  the  present 
research  seems  to  us  to  be  more  probable,  since  It  is  based  upon  a  large  number 
of  observations  to  begin  with,  and,  second,  the  work  of  spreading  correspcr.ds 
essentially  to  the  phenomena  observed  during  Impregnation.  In  actuality,  the 
work  of  spreading  Is  determined  by  the  spreading  of  the  liquid  over  the  surface, 

1  -e. ,  by  the  substitution  of  the  alr-llquld  interface  for  the  air-fiber  Interface. 
All  this also  takes  place  during  Impregnation  .  The  liquid  enters  the  fabric 
displacing  a  certain  volume  of  air  from  the  fabric  and  wetting  the  fiber,  so  that 


A  —  Wet  gain  In  weight,  recalculated 
as  volumetric  ratios;  B  -  surface 
tension,  ergs  per  sq  cm;  C  -  wetting, 
cos  6 ;  p  -  work  of  wetting,  ergs  per 
sq  cm:  l"-  W  ;  II  -  W  ;  III  -  W  ; 

E  ConcentrationT^.  i  —^ammonium  case¬ 
inate;  2  —  sodium  oleate. 


Fig.  3«  Effect  of  sodium  oleate  and 
Nekal  upon  the  Impregnating  proper¬ 
ties,  the  ccosG,  the  W_,  the  W  , 
of  a  0.1^^  solution  of®^ 


a. fiber  —  liquid  Interface  replaces  the 
fiber  —  air  Interface .  Under  ordinary 
conditions^  however,  only  part  of  the 
air  Is  displaced  from  the  fabric  under 
the  usiial  Impregnation  conditions.  As 
one  of  the  present  authors  has  shown 

the  narrowest  capillaries  la  the 
fabric  always  contain  an  appreciable 
amount  of  air,  even  after  the  fabric  has 
been  impregnated  with  aqueous  solutions 
possessing  extremely  good  vetting  prop¬ 
erties.  As  a  result,  anew  liauld  — 
air  Interface  may  be  constituted  within 
the  fabric  after  Impregnation. 

Consideration  of  Flgs.l,  2,  and  3 
from  the  standpoint  of  the  effect  of  one 
emulsifier  upon  the  activity  of  the  other 
yields  Interesting  conclusions.  ‘ 

Ve  see  from  the  drawings  that 
adding  continuously  Increasing  percent¬ 
ages  of  ammonium  oleate  to  a  solution 
of  Nekal  results  —  as  might  have  been 
expected  -  In  a  diminution  of  the  surAce 
tension,  an  Improvement  of  wetting,  a 
diminution  in  the  absolute  values  of  the 
work  of  spreading,  and  an  improvement  In 
the  Impregnating  properties. 


and  the 

ammonium  caseinate. 

A  -  wet  gain  In  weight,  recalculated 
as  volumetric  ratios;  B  —  surface 
tension,  ergs  per  sq  cm;  C  -  wetting, 
cos  0 ;  D  —  work  of  wetting,  ergs  per 
sq  cm:  I  -  W  ;  II  -  W  ;  III  -  W  j 
E  —  Concentration,  ^.®^1  -  Nekal; 

2  —  sodium  oleate. 


On  the  other  hand,  adding  ammonium 
caseinate  to  a  Nekal  solution  produces 
hardly  any  change  in  the  specified  Indexes, 
except  when  extremely  munute  amounts  are 
added.  This  Is  evidently  due  to  the  fact 
that  the  caseinate  is  not  a  surface  — 
active  substance.  . 

The  additlo.n  oi^  smalf  amounts  of 
Nekal  to  a  solution  of  sodium  oleate 
causes  no  decrease  in  s'irface  tension, 
but  does  produce  some  improvement  in 
wetting  and,  hence,  a  diminution  of  the 
.  absolute  value  of  the  work  of  spreadirg  . 

This  results,  of  course.  In  a  corresponding  improvement  in  the  impregnating  ability. 
This  Is  further  confirmation  of  the  inadequacy  of  surface  tension  as  a  criterion 
of  the  Impregnating  properties  of  a  liquid. 

Adding  ammonium  caseinate  to  a  solution  of  sodium  oleate  has  about  the  same 
effect  as  adding  Nekal,  though  these  emulsifiers  are  not  alike  Mention  should 
also  be  made  of  the  Increase  In  surface  tension  as  the  caseinate  is  added.  This 
may  be  caused  by  a  decrease  In  the  concentration  of  sodium  oleate  in  the  solution, 
due  to  Its  adsorption  on  the  particles  of  ammonium  caseinate. 

The  Introduction  of  ever-lncreaslng  percentages  of  Nekal  Into  a  0.4  it 
solution  of  ammonium  caseinate  results  in  a  marked  improvement  of  impregnating 
properties,  a  comparatively  slight  decrease  in  the  surface  tension, and  a  very 
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gradual  decrease  In  the  absolute  value  of  the  work  of  spreading.  Vetting  la  evien  . 
diminished  somewhat  when  small  amounts  of  Nekal  Eire  added.  The  comparatively 
slow  diminution  of  the  surface  tension  of  a  caseinate  solution  when  small  percent¬ 
ages  of  Nekal  are  added  to  It  may  likewise  be  attributed  to  the  adsorption  of  the 
latter  upon  the  albuminous  particles  and  to  the  absence  of  an  adequate  amount  okT 
surface  —  active  substance  in  the  solution  to  give  the  liquid  a  low  surface 
tension  and  high  wetting  ability.  The  ability  of  small  percentages  of  this 
emulsifier  to  be  completely  adsorbed  on  particles  of  the  disperse  phase  Is  borsie 
'out  by  the  existence  of  dispersions  that  are  stabilized  by  small  percentages  at 
Nekal  and  possess  a  surface  tension  equivalent  to  that  of  pure  water. 

The  improvement  in  wetting  caused  by  an  Increase  in  the  precentage  of  Nekal 
added  may  be  attributed  to  the  fact  that  at  a  certain  percentage  of  Nekal  the 
amount  of  the  latter  In  the  solution  exceeds  the  amount  required  to  saturate  the 
surface  of  the  ammonium  caseinate  particles. 

*  The  addition  of  sodium  oleate,  which  does  not  possess  the  specific  properties 
of  Nekal,  to  a  solution  of  ammonium  caseinate,  diminishes  the  surface  tension 
appreciably  and  causes  no  Impairment  of  wetting.  Accordingly,  sodium  oleate 
greatly  improves  the  work  of  spreading  and  the  impregnating  properties  of  the 
mixture. 


SUMMARY 

1.  It  has  been  shown  that,  contrary  to  widely  held  opinion,  surface  tension 
cannot  serve  as  a  criterion  for  the  evaluation  of  the  Impregnating  properties  of 
liquids. 

2.  It  has  been  found  that  of  all  the  thermodynamic  factors  the  best’  criterion 
for  assessing  the  Impregnating  properties  of  liquids  is  the  work  of  spreading. 

3.  It  has  been  established  that  the  penetration  of  fabric  by  a  solution  of 
two  emulsifiers,  cne  of  which  is  surface  active,  and  the  other  colloidal.  Is  poss¬ 
ibly  a  case  of  antagonistic  action.  The  cause  of  this,  probably,  lies  In  the  In 
the  adsorption  of  the  surface  active  substance  by  the  colloidal  particles  of  the 
second  emulsifying  agent. 
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BRIEF  COMMUNICATIONS 


BOTES  OB  THE  DESICN  OF  AN  INSlTtUMENT  FOR  DETERMINING  THE  MOISTURE  IN  STARCH 


.  t 


S.  B.  Beketorslqr 


Ja  addition  to  perfecting  several  analytical  methods  [1-6],  we  have  Improved  a 
method  for  determining  the  moisture  content  of  starch. 

The  Soviet  dielcometer  has  been  widely  employed  for  all  sorts  of  purposes 
(determining  the  moisture  content  of  tea,  of  macaroni,  etc.).  We  have  used  It  to 
deteraine  the  moisture  In  starch.  The  specific  properties  of  the  test  product 
required  modifications  In  the  design  of  the  Instrument:  we  substituted  a  special 
part,  a  sort  of  wide  flat  box,  for  the  usual  container  for  the  product  under  test. 

In  our  determinations  of  the  moisture  In  starch  with  this  Instrument,  we 
found  that  the  accuracy  of  analysis  Is  principally  affected  by  two  faurtors: 
one,  the  method  employed  In  filling  the  box  with  starch  (the  different  kinds  of 
rapping  used  in  filling  the  box  yielded  differing  results),  and  two,  the  dimensions 
of  the  box,  since  even  when  no  tamping  of  the  box  was  employed,  the  accuracy  of 
anaylsls  was  improved,  up  to  a  certain  limit,  by  Increasing  the  size  of  the 
starch  container  used. 

In  analyzing  the  moisture  In  starch  we  adopted  a  box  1  cm  high  with  a 
bottom  10  Z  10  cm  in  size.  The  bottom  of  the  box  and  Its  sliding  cover  were  fitted 
with  metallic  plates  to  which  electric  wires  were  soldered.  The  staurch  was  poinred 
in  through  a  sieve  without  any  tamping  or  rapping  of  any  objects  against  the  box 
or  of  the  box  itself. 

The  excess  flour  was  always  removed  by  the  same  rotating  motion  of  the 
sliding  cover.  After  the  cover  had  been  refastened  and  the  box  containing  the 
starch  connected  to  the  Instrument,  the  analysis  was  made  as  usual. 

The  results  of  the  measurements  cade  with  the  foregoing  special  device  as 
part  of  the  Instrument  were  compared  with  the  results  of  moisture  measurements 
made  In  the  usual  manner  (drying  cabinet),  no  perceptible  discrepancies  being 
observed  In  pareillel  determinations. 
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THE  SCIENTIFIC  PRINCIPLES 

UNLERLTING  TH2  DESIGN  OF  .:HE14ICAL  ENGINEERING  PROCESSES 


D.  A.  Epshtein 


In  our  preceding  report  [1]  ve  shoved  that  chemical  reactions  employed  In 
technology  may  be  classified  Into  six  basic  types,  according  to  their  physico¬ 
chemical  characteristics,  each  reaction  type  being  characterised  by  Its  own  kind 
of  functions s 

^  (*Cr  t*,P,C....) 

and 

I  -  9  (r,  f ,  P,  C....  ), 

\  aad  I  are  the  yield  and  the  Intensity,  respectively;  and^^,  t*,  P, 
and  C  are  the  process  vaurlables.  length  of  reaction,  temperature,  pressure,  reagent 
concentration,  and  so  forth. 

These  equations  may  be  employed  to  determine  the  optimum  conditions  and 
best  procedures  for  realizing  the  chemical  reactions  technically.  The  appropriate 
technological  outlines,  methods  of  computation  and,  to  a  certain  extent,  the 
reaction  equipment  are  projected  for  each  type  of  reaction. 

The  first  report ’/ss  revl&;ed  in  the  press  [2,3]  and  was  also  discussed  In  - 
several  scientific  meetings.  Vinogradov  [3l  and  others  have  expressed  a  desire 
for  quantitative  characteristics  based  on  a  thermodynamical  criterion  of  the 
types  of  chemical  reactions  used  In  technology  The  present  paper  Is  an  attempt 
to  deal  with  that  problem. 

Let  us  consider  simple  reactions,  to  begin  with  [l].  The  given  values  of  the 
parameters  —  temperature,  ressure,  ratios  of  the  reagent  concentrations  - 
correspond  to  a  definite  state  of  equilibrium  of  the  system  on  question.  Of  the 
factors  listed,  temperature  plays  a  special  part  because  of  the  well-known 
relationships  that  link  together  the  velocities  of  chemical  reactions,  equilibrium, 
and  temperature.  In  many  Instances  it  Is  possible  to  state  the  temperature  of  the 
so-called  onset  of  the  reaction,  1 .e. ,  the  temperature  below  which  the  reaction 
practically  does  not  take  place  at  all.  The  special  Importance  of  temperature  as 
against  whe  other  factors  is  seen  most  clearly  in  the  case  of  the  reactions  that 
Involve  solid  catalysts.  Many  of  these  reactions  proceed  at  measurable  velocities 
only  within  a  very  narrow  temperature  range  At  the  present  time  the  synthesis  of 
ammonia  can  be  effected,  for  example,  only  In  the  550'700'  range,  ultrahlgh 
pressures  being  required  for  the  synthesis  to  be  carried  out  at  850-900**  The 
upper  limit  Is  fixed  by  the  catalyst's  loss  of  activity  as  a  result  of  changes  In 
Its  surface.  Inasmuch  as  many  reactions  employed  in  manufacturing  are  exothermic, 
we  are  often  Involved  In  a  contradiction  between  the  desirability  of  lowering  the 
temperature  In  order  to  shift  the  state  of  equilibrium  In  the  favorable  direction 
and  the  necessity  of  raising  the  temperature  to  achieve  the  necessary  reaction  rate. 

If  the  reaction  does  not  entail  a  change  In  volume,  the  state  of  equilibrium 
cannot  be  shifted  by  changing  the  pressure  fwlthln  the  applicability  of  the  laws 
governing  the  Ideal  state  of  gases).  In  many  cases  It  Is  Inadvisable  to  Increase 
the  utilization  factor  of  one  reagent  by  using  an  excess  of  another  reagent.  Hence, 

Report  II  of  a  series  on  this  topic.  -  " 
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the  possibilities  of  shifting  the  equilibrium  In  the  desired  direction  are  often 
found  to  be  limited.  Tbe  engineer  Is  often  compelled  to  carry  out  reactions  under 
conditions  that  are  unfavorable  as  far  as  the  state  of  chemical  equilibrium  is 
concerned.  • 

!  In  this  connection,  all  reactions  are  divided  Into  three  grpups  in  technology, 

according  to  their  state  of  equilibrium:  the  first  group  covers  irreversible  reactions, 
the  second,  reversible  reactions,  and  the  third,  reversible  unshlfted  reactions, 
Epical  reactions  In  each  group  are  listed  In  the  table. 


TABLE 

Characteristics  of  the  Principal  '^pes  of  Chemical  Beactlons  in' 
_ Technology _ _ 


■■ "  ~"J - 

Same  of  reaction 

Quantitative 
char  etc  t  er  1  s  t  Ic 

Typical 

representative 

1.  Simple  Irreversible 

1 

S2  2O2  *  2SO2 

2.  Simple  reversible 

Orl 

2SO2  +  O2  •  2SO3 

3.  Simple  reversible  unshlfted 

Na  ♦  3H2  »  2NH3  - 

4.  Composite  Irreversible 

4nR3  ♦  5O2  -  4no  +  6H2O 
4nH3  +  3O2  =  2N2  +  6H2O 

5.  Composite  reversible 

iQ^iimiiiiQ 

C  +■  H2O  *  CO  +  Ra 

CO  +  HaO  =  CQa  +  52 

6,  Composite  reversible  unshlfted 

"^CHaOH  ^  1 

•  CO  +  2H2  =  CRaOH 

CO  +  3^2  *  CH4  +  HaO 

Irreversible  reactions  are  those  In  vhlch  the  equilibrium  product  yield 
Is  practically  '’J  =  1  within  the  realisable  range  of  vauriabllity  of  experi¬ 
mental  conditions.  The  equilibrium  constants  K  are  extremely  small  throughout 
the  range  of  variable  conditions  (th^  numerator  being  the  partial  pressures 
of  the  Initial  substances,  and  t*he  denominator  containing  the  reaction  products;. 
In  selecting  the  optimum  conditions  for  these  equations  we  are  guided  by  the 
kinetic  data,  the  equations  cited  above  being  derived  by  integrating  the  diff¬ 
erential  equations  for  the  reaction  rates. 

Reversible  reactions  are  those  In  which  the  equilibrium  product  yields 
range  from  0  to  1  ('^  =  0  -  1) .  The  essential  difference  between  this  group 
of  reactions  and  the  preceding  one  Is  that  the  yield  approaches  unity  only  under 
rigidly  determined  conditions.  In  selecting  the  optimum  conditions  for  secur¬ 
ing  a  high  yield,  the  first  thing  to  bear  in  mind  is  the  effect  of  a  change  In 
the  conditions  upon  the  state  of  chemical  equilibrium.  The  eqtJatlons  for  yield 
and  Intensity  are  derived  from  the  kinetic  equations,  which  contain  the  equil¬ 
ibrium  constant  in  either  the  explicit  or  Implicit  form. 

Reversible  unshlfted  reactions  are  characterized,  within  the  realizable 
region  of  changes  in  the  experimental  conditions,  by  equilibrium  product  yields 
that  are  much  below  unity,  ^  ^  1.  The  yield  Is  much  below  unity  even  with 
the  most  favorable  conditions  that  can  be  possibly  achieved.  When  these  re¬ 
actions  are  carried  out  industrially,  technological  plans  are  used  that  make  It 
possible  to  achieve  high  process  yields  in  spite  of  this,  a  typical  operational 
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planbelnj;aci3xulatory  one.  Technical  developments,  such  a*s  the  discovery  of 
new* low-temperature  catalysts,  may  expand  the  boundaries  cf  ♦'hese  changes  In 
reaction  conditions,  as  a  result  of  which  the  reaction  would  be  shifted. ^roi^  # 
this  group  to  the  preceding  one. 

The  coB^slte  reactions  are  classified  the rmodynamical’..y  like  the 
simple  ones.  In  each  case,  we  determine  which  of  the  partial  reactions  con¬ 
trols  the  aasl^^ent  of  the  composite  reaction  In  question  tc  one  group  or 
smother. 

The  table  lists  typical  examples  of  the  six  fundamental  reaction  types 
occurring  in  technology. 

SUMMARY 

The  quantitative  characteristics  of  the  types  of  chemical  reactions 
employed  In  technology  are  set  forth,  based  on  a  thermodynamical  criterion 

LITEBATURE  CITED  ’ 
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THE  VARIATIOR  OP  THE  VISCOSITY  OP  LINSEED  OIL  WITH  ITS  OXIDATION 
Y*0.Gearglev8lcy  and  B.H.  Shakheldyan 
■  Moscow  Polygraphic  Institute 

In  our  first  report  [1]  we  described  a  method  we  used  for  the  simultan¬ 
eous  obser^tion  of  the  oxidation  and  the  related  thickening  of  vegetable  oils 
and  also  cited  some  data  secured  in  a  study  of  the.  oxidation  of  linoleates. 

nie  present  paper  deals  with  the  variation  of  the  viscosity  of  linseed 
oil  with  oxidation.  Three  samples  of  linseed  oil  were. tested;  their  constants 


are  given  in  the  table. 

TABIB  Beport  II  of  a  series 

„ _ .  i  ,  ....  .  ....  on  the  oxidation  and 

Conscunts  of  Tested  Samples  of  Linseed  Oil  .  .... 

Sam¬ 

ple 

No. 

Acid 

num¬ 

ber 

Sapon¬ 

ifica¬ 

tion 

Hum¬ 

ber 

Hhbl 

iod¬ 

ine 

Num¬ 

ber 

d^o 

4 

Viscos-  forming  vegetable  oils, 

ity.  The  results'  secured  with 

centl-  different  oil  samples 

poises  proved  to  be  quite  sim¬ 

ilar,  differing  only  in 

1 

2 

3 

3.6 

4.2 

4.0 

190.2 

181.3 

189.6 

178.6 

172.6 

177.1 

0.931 

0.924 

0.929 

Q  the  magnitude  of  the 

initial  viscosity  and 
in  the  length  of  the  In- 
duction  period  during 
oxidation.  In  this 

paper  we  shall  cite  the  findings  secured  for  Sample  1  of  the  oil. 


Like  the  linoleates,  linseed  oil  does  not  thicken  when  heated  for  a  long 
time  to  100*  in  an  oxygen-free  medium,  the  viscosity  rising  only  with  oxidation. 
The  general  course  of  the  oxidation  of  linseed  oil  under  various  conditions  and 
the  resulting  rise  in  its  viscosity  are  shown  in  Fig.  1. 

It  is  significant  that  the  induction  period  of  oxidation  is  reduced  to 
zero  when  benzoyl  peroxide  is  present,  though  a  perceptible  induction  period 
persists  when  the  oil  is  oxidized  in  pure  oxygen,  despite  the  much  greater  acc¬ 
eleration  of  oxidation.  It  is  usually  asserted  that  the  causes  of  the  induction 
period  are:  first,  the  presence  of  natural  inhibitors  in  the  oil,  which  retard 
oxidation,  and  second,  the  autocatalytlc  nature  of  the  oxidation  process.  But 
the  absence  of  an  induction  period  in  the  oxidation  of  synthetic  esters,  repeat¬ 
edly  noted  in  the  literature  [2,  3]  as  well  as  in  otur  own  research,  compels  us 
to  think  that  autocatalysis  has  a  minor  Influence  upon  the  kinetics  of  oxid¬ 
ation  and,  in  any  event,  does  not  control  the  prolonged  Induction  period  en¬ 
countered  in  the  oxidation  of  vegetable  oils.  We  ran  a  series  of  tests  invol¬ 
ving  the  combined  oxidation  of  linseed  oil,  first  in  oxidation  and  then  in  air, 
to  check  this  (Fig.  2), 

If  catalysts  were  accumulated  during  the  induction  period,  our  substit¬ 
ution  of  air  for  oxygen  ought  to  result  in  a  higher  oxidation  rate  than  in  the 
ordinary  oxidation  in  air  alone.  Inasmuch  as  oxidation  is  more  Intensive  in  an 
oxygen  atmosphere.  The  respective  curves  exhibit  the  same  slope,  however.  Thus, 
we  were  unable  to  observe  any  formation  of  oxidation  catalysts  during  the  in¬ 
duction  period.  Still,  catalysts  are  formed  during  the  oxidation  proper,  as  is 
witnessed  by  the  rise  in  the  oxidation  rate  in  the  tests  represented  by  Curves 
3  and  4  in  Fig.  2,  where  the  air  replaced  the  oxygen  after  the  conclusion  of  the 
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induction  period. 

We  ran  tests  In  which  the  oxidation  of  the  oil  hy  oxygen  was  combined 
with  a  processing  of  the  oil  In  a  nitrogen  atmosphere  In  order  to  ascertain 
the  effect  of  a  preliminary  oxidation  upon  a  subsequent  Increase  of  viscosity 
In  an  oxygen>free  medium. 


1  i  i  to 

-C 


///* 


O  1  i-S  f 


Pig.  1.  Oxidation  and  rise  of  viscosity 
of  linseed  oil  under  various  conditions. 

A  -  Amount  of  oxygen  absorbed,  ml  O^gram; 

B  -  outflow  time,  seconds;  C  -  time,  hours. 
I  -  Oxidation;  ^  -  viscosity.  Oxidation 
conditions:  1  -  In  air;  2  -  In  air  contain¬ 
ing  1.6^  of  benzoyl  peroxide;  2  “  oxygen. 


Fig.  2.  Effect  of  oxidation 
In  oxygen  upon  the  rate  of 
subsequent  oxidation  in  air. 

A  -  Amount  of  oxygen  absorb¬ 
ed,  ml  02/gram;  B  -  time, 
hours.  Oxidation  conditions: 
1  -  In  air;  2,  2  -  in 

oxygen,  later  replaced  by  air 


T'’ 


Fig.  3*  Effect  of  oxidation  In  oxygen  upon 
a  subsequent  rise  .of  viscosity  In  nitrogen. 
A  -  Amount  of  oxygen  absorbed,  ml  02/gram; 

B  -  outflow  time,  seconds;  C  -  time,  hours. 
I  -  oxidation;  H  -  viscosity.  Oxidation 
conditions;  1  -  In  oxygen;  2  -  In  nitrogen; 
^  -  In  air.  .  *" 


Fig.  4.  Effect  of  oxidation 
In  oxygen  upon  a  subsequent 
rise  of  viscosity  In  nitro¬ 
gen.  A  -  Amount  of  oxygen 
absorbed,  ml  02 /gram;  B  - 
outflow  time,  seconds;  C  - 
time,  hours.  I  -  ‘Oxidation; 
II  -  viscosity.  Oxidation 
conditions:  1  -  In  oxygen; 

2  -  In  nitrogen. 
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^^8*  3  that  when  the  oxygen  Is  replaced  by  nitrogen  at  the  end 
or  the  Induction  period,  the  preliminary  oxidation  Involves  no  changes  that 
could  produce  a  rise  of  viscosity  In  the  absence  of  the  oxygen.  But  when 
the  nitrogen  was  replaced  by  air  after  8  hours  of  heating,  the  same  rise  of 
viscosity  set  In  as  was  observed  In  simple  oxidation  of  the  oil  In  air  after 
the  conclusion  of  the  Induction  period. 

When  the  oxygen  Is  replaced  by  nitrogen  after  the  end  of  the  Induction 
period,  the  viscosity  rise  that  has  begun  soon  comes  to  a  stop,  the  vlscoslty^ 
becoming  constant  (Plg.  4).  But  when  oxidation  Is  continued  to  a  higher  stage, 

perceptible  thickening  Is  found  to  occur  even  la  the  absence  of  oxygen  ^Flgs* 

5  «*d  6).  0.0- 


Fig.  5*  Effect  of  oxidation  Fig.  6.  Effect  of  oxld.*  Fig.  7-  Variation  of 

In  oxygen  upon  a  subse-  atlon  In  oxygen  upon  a  the  viscosity  of  lln 

quent  viscosity  rise  In  nit-  subsequent  viscosity  seed  oil  with  oxlda- 

rog^n.  A  -  Amount  of  oxygen  rise  In  nitrogen.  A  -  tlon.  A  -  Viscosity 

absorbed,  ml  Os/gram;  B  -  out-  Amount  of  oxygen  absor-  centlpolses;  B  -  amo 

flow  time,  seconds;  C  -  time,  bed,  ml  Os/gram;  B  -  unt  of  oxygen  absorb 

hours.  I  -  Oxidation;  ^  -  outflow  time,  seconds;  ed,  moles  of  Qa  per 

viscosity.  Oxidation  conditions:  C  -  time,  ho'^rs .  I  -  mole  of  oil.  Oxida- 

1  -  in  oxygen;  2  -  In  nitrogen.  Oxidation;  ^  -  vlsco-  tlon  conditions:  1  - 

sity.  Oxidation  cond-  in  air;  2  -  in  air 
Itlons:  1  -  in  oxygen;  containing  1,6^  of 
2  -  In  nitrogen  benzoyl  peroxide; 

J  -  in  oxygen. 

Two  periods,  therefore,  exist  In  the  thickening  of  linseed  oil  during 
oxidation. 

At  first,  the  viscosity  rise  Is  relc-ted  directly  to  oxidation,  depending 
entirely  upon  It,  but  as  the  oxidation  products  accumulate,  the  rise  of  viscos¬ 
ity  not  directly  related  to  oxidation  and  undoubtedly  due  to  secondary  conver¬ 
sions  of  the  oxidation  products  becomes  significant  D-oring  the  initial  period 
there  Is  a  well-defined  variation  of  viscosity  with  the  amo-int  of  oxygen  absorb¬ 
ed.  Repetitions  of  our  experiments  have  shown  that  the  relationship  between 
viscosity  and  the  amount  of  oxygen  absorbed  remains  a  constant,  despite  any  change 
In  the  rate  of  air  circulation  or  Interruptions  in  heating  or  in  the  passage  of 
air. 

•  ■  As  we  see  from  the  curves  reproduced  in  Fig.  7>  the  addition  of  benzoyl 
perloxlde  likewise  has  no  effect  upon  the  relationship  between  viscosity  and  the 


degree  of  oxidation.  Still,  the  absorption  of  a  given  amount  of  oxygen  results 
In  the  formation  of  more  highly  viscous  products  when  the  oil  is  oxidized  In  air 
than  when  It  Is  oxidized  In  pure  oxygen. 

It  Is  significant  that  this  regularity  of  the  variation  of  the  viscosity 
of  linseed  oil  with  the  extent  of  Its  oxidation  Is  quite  like  the  pattern  we  had 
observed  for  the  llneolates. 

SUMMARY 

1.  The  application  of  the  method  we  have  evolved  has  enabled  us  to  est¬ 
ablish  the  presence  of  two  periods  during  the  rise  In  viscosity  of  linseed  oil: 
a)  an  Increase  of  viscosity  due  to  oxidation;  and  b)  an  Increase  In  viscosity 
not  directly  related  to  oxidation,  which  Is  observed  at  a  higher  degree  of 
oxidation. 

2.  So  oxidation  catalysts  are  formed  during  the.  Induction  period. 

3.  Satural  linseed  oil  exhibits  the  same  x>Attern  of  variation  of  viscos¬ 
ity  with  the  extent  of  oxidation  as  synthetic  esters  of  llnolelc  acid. 
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VARIATIOB  OP  THE  VISCOSITY  OP  BOILED  LINSEED  OILS  WITH 
OXIDATIOH^ 

T.G. Georgievsky  and  B.N.Shakheldyan 
Moscov  Polygraphic  Institute 

Report  III  of  a  series  on  the  oxidation  and  viscosity  of  fllffl-formlng 
▼egetahle  oils. 

In  our  preceding  reports  [1,  2]  we  pointed  out  that  the  thickening  of 
Ilnoleates  euad  of  natural  linseed  oil  follows  the  same  pattern,  which  Is  quite 
^  understandable  when  we  remember  that  the  properties  of  linseed-  oil  eure  determ¬ 
ined  by  Its  high  content  of  llnolelc  and  llnolenlc  acids.  The  latter  differs 
In  that  It  Is  an  unsaturated  acid,  but  has  a  similar  chemical  structure,  as  Is 
Indicated  by  the  similarity  of  the  activation  energies  of  their  esters:  17.2  cal 
for  ethyl  llnoleate  and  17*5  cal  for  ethyl  llnolenate  (3]. 

We  were  Interested  In  determining  how  viscosity  varied  with  oxidation  for 
the  polymerized  and  oxidized  linseed  oil  used  as  a  paint  vehicle. 

•  The  samples  of  oxidized  and  polymerized  oils  were  prepaured  by  heating 

linseed  oil  to  28o*  In  a  current  of  CO2  to  get  a  polymerized  oil  and  to  150* 

In  a  current  of  air  to  get  an  oxidized  oil,  l.e.,  the  conditions  customarily 
employed  for  producing  polymerized  and  oxidized  paint  vehicles. 

The  constants  of  the  samples  6u:e  given  In  the  table. 


TABLE 


Constants  of  the  Samples  Tested 


Constants 
of  the 

Oxidized  oil 

Polymerized 

oil 

oils 

No.l 

No. 2 

No.l 

No. 2 

Acid 

number . 

8.2 

7.5 

7.4 

6.9 

Saponifi¬ 
cation 
number . 

198.6 

199.5 

198 

194.6 

Iodine 
number . 

138 

161 

125 

141.5 

. 

0.967 

0.952 

0.952 

0.942 

Viscosity, 
centlpolses 
at  20*  _ 

163 

142.2 

276 

100.5 

the  linseed  oil  during  thermal  processing. 


Our  tests  Indicated  that 
the  oxidized  oils  exhibited 
the  same  pattern  of  the  var¬ 
iation  of  viscosity  with  ox¬ 
idation  as  previously  found 
for  natural  linseed  oil.  In 
particular,  adding  benzoyl 
perloxlde,  which  accelerated 
oxidation  and  thickening,-  did 
not  affect  the  relationship 
between  viscosity  and  the 
amount  of  oxygen  absorbed. 

The  results  obtained  with 
sample  1  are  shown  in  Fig.  1. 

A  polymerized  linseed  oil 
is  distinguished  by  the  fact 
that  a  higher  viscosity  is 
obtained  foi*  the  same  amount 
of  oxygen  absorbed  when  ben¬ 
zoyl  peroxide  is  present 
(Fig.  2).  This  is  related  to 
transformations  undergone  by 


One  of  these  transformations  that  changes  the  chemical  nature  of  the  lin¬ 
seed  oil  fundamentally  is  the  isomerization  of  the  Isolated  double  bonds  of  the 
llnolelc  and  llnolenlc  acid  to  conjugated  bonds  [U]. 
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Pig.  1.  Variation  of  the 
▼Iscoslty  of  an  oxidized  oil 
with  oxidation.  A  -  Viscos¬ 
ity,  centlpolses;  B  -  amount 
of  oxygen  absorbed,  ml  Og/grao. 
Oxidation  conditions:  1  -  In  a 
current  of  air;  2  -  In  a  current 
of  air  containing  1.2^  of  ben¬ 
zoyl  peroxide;  ^  ®  curr¬ 

ent  of  oxygen. 


Fig.  2.  Variation  of  the 
viscosity  of  a  polymer¬ 
ized  oil  with  oxidation. 
A  -  viscosity,  centl- 
polses;  B  -  amount  of 
oxygen  absorbed,  ml 
02 /gram.  Oxidation 
conditions:  1  -  In  a 
current  of  air;  2  -  In 
a  current  of  air  con¬ 
taining  1.2^  of  benzoyl 
peroxide.  2  "  ^ 
current  of  oxygen. 


A 


Fig.  3.  Variation  of 
the  viscosity  of  tung 
oil  with  oxidation. 

A  -  Viscosity,  cent- 
Ipolses;  B  -  amount 
of  oxygen  absorbed, 
ml  02/gram.  Oxidation 
conditions:  1  -  In  a 
current  of  air;  2  - 
In  a  current  of  air 
containing  1.2^  of 
benzoyl  peroxide; 

2  -  In  a  current  of 
oxygen. 


That  the  formation  of  conjugated  double  bonds  Is  the  reason  for  this 
singularity  in  the  action  of  benzoyl  perloxlde  Is  also  supported  by  the  cir¬ 
cumstance  that  a  similar  and  even  more  pronounced  effect  Is  observed  when  benzoyl 
peroxide  Is  added  to  tung  oil  (Fig.  3)* 

In  all  the  cases  ve  have  studied  we  find  the  characteristic  effect  of  ah 
Increase  In  the  oxygen  concentration  upon  the  variation  of  viscosity  with  oxid¬ 
ation,  namely  that  as  the  oxygen  concentration  is  raised,  the  relationship  be¬ 
tween  viscosity  and  the  amount  of  oxygen  absorbed  shifts  toward  the  formation  of 
less  viscous  oxidation  products. 

Slansky  (5l  oxidized  films  of  linseed  oil  at  room  temperature  and  observed 
a  similar  phenomenon.  He  attributed  It  to  the  fact  that,  for  molecules  excited 
by  the  energy  of  the  initial  oxidation  act,  the  probability  of  purely  oxid¬ 
ative  transformations  rises  at  the  expense  of  the  probability  of  polymerization 
reactions  as  the  oxygen  concentration  is  increased.  This  explanation  may  be 
adopted  provided  the  term  polymer  1  zat ion  Is  taken  to  mean  the  reaction  of  part¬ 
icle  aggregation,  involving  the  indispensable  participation  of  oxygen,  since  our 
experiments  have  shown  that  when  no  oxygen  is  present  the  viscosity '^oes  not  rise, 
notwithstanding  the  addition  of  so  active  an  Initiator  as  benzoyl  peroxide. 
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SUMMARY 

1.  The  varlatioa  of  viscosity  with  oxldatloa  la  aa  oxidized  Ilaseed 
oil  resemhles  that  of  natural  linseed  oil. 

•  2.  The  addition  of  benzoyl  pet  oxide  to  polyserlzed  linseed  oil  or  to 
tun^  oil  changes  the. variation  of  viscosity  with  oxidation  the  direction 
of  the  formation  of  more  viscous  products  for  the  same  degree  of  oxidation. 
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THE  MUTUAL  SOLUBILITY  OF  CYCLOHEXANOL  AND  WATBR 
B.H.Zllbennaa 

In  calculating  the  separation  of  a  mixture  of  cyclphexanol  and  vater  we 
found  It  necessary  to  determine  the  mutual  solubility  of  these  substances.  Our 
results  are  set  forth  In  this  report. 


^  The  literature  contains  only  fragmentary  data  on  this  problem.  Meurkovnlkow 

[1]  found  that  cyclohexanol  dissolves  <n  28  times  its  volume  of  water  at  room 
temperature  and  that  the  warmth  of  one  s  hand  turned  a  saturated  solution  turbid. 

De  Forcrand  [2]  found  11.2?  g  of  water  dissolved  in  100  g  of  cyclohexanol  at  11*C, 
with  5»67  8  of  cyclohexanol  dissolving  in  100  g  of  water.  We  find  the  following 
data  on  the  solubility  of  cyclohexanol  in  a  cyclohexanol-water  mixture  (in  i>er 
cent  by  weight)  in  the  D'Ans  and  Lax  handbook  [3]:  5. 00  at  7.2* j  5.IV  at  121. 95*; 
15.00  at  17^.3*;  and  32.3  at  184.7*. 

In  our  experiments  we  used  commercial  cyclohexanol,  which  was  redistilled 
Into  our  laboratory  rectifying  column.  The  constants  of  the  resulting  product 
were  as  follows:  '  ^ 

Freezing  point:  24.95’C,  d^i  0.9437;  1.4669;  0.02^  phenql. 

Markovnlkov  (l]  secured  cyclohexanol  with  a  freezing  pointy  of  +  25*C.  The 
figures  given  In  the  literature  for  the  specific  gravity  and  refractive  Index  are 
also  close  to  our  findings  [4,  5].  .  ^  . 

We  determined  solubility  by  the  classical  method  of  Alekseyev  [6].  A 
mixture  of  calculated  quantities  of  cyclohexanol  and  water  was  slowly  heated  In  a 
sealed  thick-walled  test  tube  (lOmm  In  diameter  and  80mm  long)  on  a  paraffin  bath 
until  turbidity  appeaured  or  disappeared  completely.  Then  the  test  tube  was  slowly 
cooled  until  turbidity  appeaured  or  dlsappeaired  This  operation  was  repealed 
several  times  In  order  to  bring  the  temperatures  at  which  turbidity  appeared  and 
disappeared  as  close  together  as  possible.  The  mean  of  the  two  closest  readings 
was  taking  as  the  layering  temperature.  This  temperature  ’difference  di(^  not 
exceed  1*  up  to  lOO^C,  rising  to  2®  at  higher  temperatures.  The  temperature 
was  measured  with  tested  thermometers  graduated  to  0.2'’  (up  to  ICO'*)  and  to  1* 
(above  100*C  ) .  A  correction  was  applied  for  the  emergent  mercury  column. 

A  total  of  50  tests  was  run,  from  which  we  plotted  the  curves  In  Figs.  1 
and  2,  graphical  Interpolation  yielding  the  data  listed  In  Tables  1  and  2. 

We  found  that  the  solubility  of  cyclohexanol  in  the  mixture  Is  a  minimum 
(3.1^t)  at  54-62*0,  the  solubility  of  the  cyclohexanol  rising  at  lower  or  higher 
temperatures  than  this. 

We  checked  whether  our  test  mixture  obeyed  Alekseyev 's  rule  of  linear 
diameter  [7],  according  to  which  the  equation  of  the  line  drawn  through  the  mid¬ 
points  of  the  Isothermal  straight  lines  is  very  close  to  a  linear  equation.  As 
we  see  In  Fig.  2,  this  line  Is  fairly  close  to  a  straight  line  in  the  Interval 
from  0  to  150*0.  The  rule  does  not  hold  at  temperatures  In  excess  of  150*0.  In 
view  of  the  slight  curvature  of  the  solubility  curve  at  temperatures  In  the 
vicinity  of  the  critical  value  (l84*0),  we  were  frequently  unable  to  determine  the 
corresponding  critical  composition  by  the  usual  method.  We  there  fore --found  it  by 
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av  ^  41,  4/  ^ 

Fig.  Solubility  of  cyciohexanol 

and  water  from  0  to  120® 

Fig.  2.  Mutual  solubility  of  cyciohexanol 
euid  water . 

A  —  Temperature,  *C;  B  —  Cyciohexanol 

In  the  cyciohexanol -water  mixture, 
wt.^t 

A  —  Cyciohexanol  In  the  cyclohexanol- 
water  mixture,  vt  5^;  B  —  temperature,  *C. 

TABLE  1 

Solubility  of  Water  In  Cyciohexanol 

TABLE  2 

Solubility  of  Cyciohexanol  In  Water 

Water 
ii  the 
mix¬ 
ture, 
wt,5fc 


Water  In  the 

Temp- 

mixture. 

ature 

I  Cyciohexanol 
In  the  mixture 


19^] 


[2]  Is  evident Iv  due  to  the  fact,  that  he  111  '  ot  eirploy  a  cyclohexar.ol  of 
adequate  purity  ffreezlng  polr.t  22.5*C).  . 

We  also  ran  several  tests  at  temperatures  below  0  C  We  were  ijr-able  to  detec 
any  Increase  In  the  solubility  of  water  In  the  nlxtv'e  as  the  temperat;jre  fell, 
i»e. ,  a  downward  turn  of  the  upper  portlor.  of  the  c'.'r’^e  i-.  Fig.  2.  The  solid 
phase  settled  out  before  we  reached  the  critical  p'^nt,*  "hus,  the.  cyclohexar.ol - 
water  mixture  has  only  an  upper  critical  temperature. 


SlJMMARf 

1.  The  temperature  and  the  composition  of  "mlr-lm  i  dl-=>  .olutlon'*  of 

cyclohexanol  In  water  have  been  found  to  be  54-62'’C  and  ^y  weight  of  the 

mixture,  respectively. 

2.  The  critical  temperature  of  a  cyclohexar.ol -water  mlxt’.Te  has  been  found 

to  be  184*C.  • 
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THB  SOLUBILm  OF  IRON  SULFATES  IN  CONCENTRATED  SULFURIC  ACID  AT  HIGH  TEMPERATURES 

0.  A.  Zakharchenko 


A.  P«  Belopolsky  and  3.  Ya.  Shpunt  have  sade  a  critical  review  of  our  paper, 
on  the  basis  of  their  own  researches  [1,2]. 

A  X>aper  by  these  authors  [5l  gives  the  results  of  their  investigations  of  the 
solubility  isotherms  of  ferrous  sulfate  in  sulfuric  eurid  of  various  concentrations 
at  temperatures  of  50,  60,  70  and  90  deg.  At  low  acidities  (below  Vf,  H2S04)  the 
authors  observed  a  perceptible  oxidation  of  the  FeS04  by  atmospheric  oxygen,  and 
to  prevent  this  oxidation  they  employed  •'  distilled  water  boiled  for  a  long  time 
and  saturated  with  nitrogen”  .  In  a  second  paper  on  the  oxidation  of  ferrous 
sulfate  in  a  solution  of  free  oxygen  [1^],  one  of  these  authors  arrives  at  the 
indisputable  conclusion  that  the  rate  of  oxidation  falls  substantlaly  as  the 
concentration  of  the  sulfuric  acid  is  raised.  These  observations  were  made  at 
Vo,  60,  and  80*. 

In  our  paper  [1],  we  investigated  the  solubility  of  ferrous  sulfate  in  91. 25^1 
sulfuric  acid  in  the  temperature  range  of  100-2V3'.  We.  attribute  the  decrease  in  the 
solubility  of  ferrous  sulfate  with  rising  temperature  to  the  gradual  oxidation  of 
this  salt  to  the  less  soluble  ferric  sulfate,  which  seems  incomprehensible  to 
Belopolsky  and  Shpunt.-  These  author ^s  observations,  made  at  maximum  temperatures 
of  80  and  90*  in  their  investigations,  cannot  be  regarded  as  a  rigorous  criterion  of 
our  conclusions. 

The  oxidation  of  ferrous  sulfate  in  concentrated  H2SO4  at  temperatures  in 
excess  of  100*  is  not  caused  by  atmospheric  oxygen,  but  by  the  sulfuric  acid, 
as  follows: 

2FeS04  +  2H2SO4  *  Fe2(S04J3  +  2H2O  . 

It  is  easy  to  check  this  by  performing  the  experiment  in  a  test  tube  fitted 
with  a  gas  outlet  tube  and  determining  the  SO2  evolved,  the  latter  being  readily 
detected  by  passing  it  through  a  KMn04  solution:  the  higher  the  heating  of  the 
test  tube,  the  more  SO2  is  evolved,  which  agrees  perfectly  with  our  quantitative 
findings  on  the  increase  in  the  oxidizability  of  ferrous  sulfate  with  rising  temper¬ 
ature.  In  this  respect,  our  conclusions  rest  upon  an  adequate  experimental  found¬ 
ation. 

We  were  unable  to  follow  the  advice  of  the  authors  mentioned:  to  prevent  the 
oxidation  of  the  ferrous  sulfate  as  they  had  done,  for  reasons  that  require  no 
explanation.  Moreover,  this  was  not  the  question  that  Interested  us  in  our  research 
project. 

The  second  conclusion  in  our  paper  [1]  on  ferrous  and  ferric  sulfate  is 
Inaccurate.  Instead  of  stating  the  conclusion  that  followed  directly  from  the 
experimental  data:  ”  The  smoothness  of  the  solubility  curves  indicates  the 
absence  of  sharp  transformations  in  the  systems  investigated,”  our  formulation 
was  erroneous;  '*  The  smoothness  of  the  solubility  curves  indicates  the  absence  of 
new  compounds  in  the  systems  investigated. " 

The  Inaccuracy  of  the  conclusion's  formulation  gave  Belopolsky  and  Shpunt 
a  legitimate  occasion  for  their  far-reaching  critical  comment,  in  which  they  state 
that  ’*  The  authors  have  concluded  that  at  a  sulfuric  acid  concentration  of  approx- 


887 


Imately  91^  the  saturated  solid  phase  is  copperas,  l.e. ,  FeS04*7H20,  In  the 

100-243*C  range." 

Belopolsky  and  Shpunt  must,  no  doubt,  have  read  not  merely  the  summary  of  our 
paper  but  the  airtlcle  as  a  whole,  from  which  it  clearly  follows  that  Zakharchenko 
and  Tsitsorin  make  no  such  assertion,  but  emphasize  the  contrary.  In  discussing 
the  experimental  data,  we  write;  *'  The  neeurly  smooth  course  of  the  FeS04*7H20 
solubility  curves  indicates  that  there  are  no  sharp  transformations  of  compounds. 

*As  the  temperature  is  raised,  the  salt  is  evidently  gradually  dehydrated.  No 
hydrates  containing  smaller  percentage  of  water  and  more  or  less  stable  under 
the  specified  conditions  were  found.”  As  for  the  ferric  sulfate,  we  write; 

”  The  smoothness  of  the  curve  excludes  any  possibility  of  the  formation  of  any 
stable  compounds  of  ferric  sulfate  with  the  solvent.  ”  Our  conclusion  does  not 
contradict  the  conclusion  reached  by  Bolopsky  and  Shpunt  in  their  paper  [2]; 

"  The  90*  Isotherm,  plotted  up  to  a  91«955l  concentration  of  sulfuric  acid,  also 
consists  of  FeS04*H20  and  FeS04  branches”;  on  the  contrary;  it  corroborates  their 
conclusion. 

To  be  sure,  the  shape  of  the  temperature  curve  of  solubility  cannot  always 
serve  as  a  rigorous  criterion  of  the  transformation  of  compounds;  if  the  sclublll- 
tles  of  different  compounds  are  very  close  together  and  moreover  not  high,  the 
solubility  curve  will  not  exhibit  the  transformation  points  distinctly. 

In  this  respect,  our  conclusion  is  aui  approximate  one. 

.  The  main  objective  of  our  research  was  determining  the  percentage  of  Iron 
that  Is  dissolved  by  concentrated  H2S04  from  ferrous  and  ferric  sulfates  at 
high  temperatures.  Irrespective  of  how  the  valency  of  the  Iron  changes. 

In  this  respect  our  paper*  conclusions  are  valuable  for  workers  In  Industry. 
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^)  See  Consultants  Bureau  English  translation,  p.  225. 
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